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1 SPECI FI CATI ON PHOTOCATALYST- CONTAI NIl NG ORGANI C
MATERI AL 5 TECHNI CAL FI ELD [0001] The present
invention relates to a photocatal yst-contai ning
organi c material constituted ﬁf a menber cont ai ni ng
an organic substance and a photocatal yst contai ned
in the nmenber. 10 BACKGROUND ART [0002] A netal
oxi de sem conductor such as titania, zinc oxide and
the |i ke has a property,

ﬂ?ﬁgr i I i ght having an
energy 15 correspondindgéégi t's qg% gap. In recent

years, such a netal oxide sem conductor has been
paid attention to because of its high activity due

to hol es and_ el ectrons r&ﬁﬁﬂéﬁhfﬁﬁq %ﬁ t d

by irradiat i%P}PW%T}}%ﬁ“ Zﬁ; 3& g@gﬁﬁﬁi

attenpted to use such a sem conductor as a

"photocatal yst" for its application to 20 the

renedi ati on of the environment such as the
TEREY {¢2kat1®n’ of water, prevention of contanination,

sterilization, deodorization, purification of

at #%phere and the like. Herein, a function such as

the purification of water, purification of _

athdspreret deotott it i oh e he 13 REOKRS24R L&Ffegpntaining

of deconposing contam nant 25 substances or odor '
orgabst aneesr byl thendki dats bl edumaiher senitednigl eRecrganic

photocatal yst. More concretely, its application to 2
sudetanposind on PioVOG {abf#t idw grigas ¢ rcdipomsdbyer .

environnental hornones, nitrogen oxides, anmonia,

am nes, al dehydes, lower fatty
BACKGROUND ART

[0002]

A metal oxide semiconductor such as titania, zinc oxide and the
like has a property of absorbing light having an energy
corresponding to its band gap. In recent years, such a metal oxide
semlconductor has been paid attention to because of its high
activity due to holes and electrons generated by excitation caused
by irradiation with light so that there has been attempted to use
such a semiconductor as a “photocatalyst” for its application to
the remediation of the environment such as the purification of
water, prevention of contamination, sterilization, deodorization,
purification of atmosphere and the like. Herein, a function such
as the purification of water, purification of atmosphere,
decdorization or the like has an effect of decompesing contaminant

substances or odor substances by the oxidation-reduction action

of the photocatalyst. Mcre concretely, its application to
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aci ds, hydrogen sulfide, nercaptans or the |ike has
been advanced. For a function such as the prevention
of contam nation, an effect 5 of deconposing an
organi ¢ substance such as oil, or the like into

carbon di oxi de and water for renoving stain has been
used. A function of sterilization is an effect of

de cg unppgjgsgacsfl on otg] %ocp r( 98 f%gyll én) n roci %I’gjfné: fﬁ%ﬁdﬁ% ﬁi?lr s§) f) :ehj\f]i(?o nmental

% royi ng them or g

deconposi.ng action, of the photocat.al yst 3]

o B er AP EOCE okt 58 BBRN" ki THat ERardrF T opip® TaTey
for ter isr rrkabl y enhanced irradiation wth

acA TneIaE o SHETEHS ACamaBen g ot o toantt et dvanced.
appl.ication as a self-cleaning. material_ or, an.

Foi it FUPGGGPRgoHER T T dif has CHEEHLBRopb <t =08 [To0eay @ effect
Si nce such a photocatal yst exhibits various excehIeTt .

of ffHAIRSTSL DRI B IR Ag SHPGhENCRpPFF R AT dh-lamd Ehe 1ike into
devel opment of a conposite material with a

camigt segalystanbitai ved 9 WPHAVGHS fERBEr 84RabEeNpRRRI- A
progressed. 20 [0005] However, when a photocat al yst

funiat ity lonplosi2add o tie amefdect canguPRECRERber the

is made of an organic substance such as resin, fiber, _
progyothtipapert Sedted 8 Pkethehel phdtoctaHlsstingakesmt e making

menber itself to be deconposed, thus causing
Chagy edkage orb e raacke comi 281 phcttdeat aify $hei phpéeragalyst.

away fromthe nenber or the nenber itself 1is

iMfddixled or enbrittled. [0006] 3 Methods for

i nproving such problenms have already been proposed.

Forrteheampl e, tihehas calreboeexehpbiv itéthtat Hecdbrantty for water

sheet obtai ned _
is remarkably enhanced by irradiation with light as well as the
decomposing action, and its applicaticn as a self-cleaning
material or an anti-fogging material has been proposed.

[0004]

Since such a photocatalyst exhibits various excellent functions
by absorbing light, application and development of a composite
material with a photocatalyst contained in various members have
been progressed.

[0005]

However, when a photocatalyst is simply composited with a member,
and the member is made of an organic substance such as resin, fiber,
wood, paper and the like, the photocatalyst makes the member itself
to be decomposed, thus causing breakage or crack. The
photocatalyst is peeled away from the member or the member itself

is impaired or embrittled.

[0006]
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by conbining a titani um oxi de photocatal yst coated
Wi th a porous inorganic substance with an odor
subst ance/ oxygen gas and an 5 optically-transparent
resin (refer to Patent Docunegpt 1), and a resin
conposition containing a porous m crocapsul e-1ike
phot ocat al yst (refer to Patent Docunent 2). However,

Shégﬁo&geﬁ#’g&.ﬁ;%@&ﬁbgﬁickﬁdﬁ%%g%ﬁs% a3 rteiahginx%:éjéﬁ proposed.

oxrde I's y coa porous i norga

u nce, original. performance.of, the 1 .

FohereRar S , S B B SORIRETEZAB U TrdTrn HiRgte optatned
has al so been_ proposed a filmmaterial havin .

oy RS PBL APyt | RO GF WAPCRCACBRG? Dodrargdevith a porous

. particle wwth the surface of th hot ocat al yst

iR R bppy osibeaetre n Ehbr £ et Lo Qe & Bdihean and an
IS s orted on a surface of lastjc film (refer

ot 3 pLERRt Bhatnea s 3o otk it Corie MR Y, and a
coated on the surface of the photocatal yst sq that

Tepin| OPPPPIELPE Fo" hdht 1 oh at@ékoqﬁé“%QRQQﬁHﬁRQQ5ﬁ1$ﬁe
menber can be sufficiently suppressed. [0007] There

phphoeapaénsai $EF638dCP NBd el si P Psed fi IFpvieyer, since the
formed by 20 supplying organohydrogen pol ysil oxane

phebogaphbyoeabarystle nSitie agas pHaddn fiiddehadts tedckly coated
bactericidal activity under light irradiation

wigbndi PPoRYS| shehtanteds Wyherce hatt ey inginfairmance of the
activity of the photocatal yst even though the

phphotetat sbysisi gregbhy etbfeed@r to Patent Docunent
4). 25 There has been disclosed a titani um oxide
pHotboatabyst thseleett $ vélsy peapwintgoscbasifd lgasasechal having
as ammoni a gas, am ne-based gas or the like (refer

phoooPat ehyt Doclurerti &) inTHel @het prat atystl st gagrticle with the
described in the docunent has a core conposed of

sutifhani amdxi geotpartatlyethavioly phetiechtvalyit itert ceramics as

activity and a coating | ayer of
a photocatalyst is suppeorted on a surface of a plastic film (refer

te Patent Document 3). However, ceramics are partly coated on Lhe
surface of the photocatalyst so that it is difficult to mention
that its influence on the member can be sufficiently suppressed.

[0007]

There have been disclosed that a silica-based film is formed by
supplying organchydrogen polysiloxane tTo a photocatalyst in The
gas phase and that the bactericidal activity under light
irradiation conditions is enhanced higher than the original
activity of the photocatalyst even though the photocatalyst is
coated (refer to Patent Document 4).

- There has been disclosed a titanium oxide photocatalyst
selectively removing a basic gas such as ammonia gasg, amine-based

gas or the like (refer to Paterit Document 5). The photocatalyst
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hydrated silica surroundi ng around the core. The
coating |layer selectively adsorbs the basic gas and
is efficiently supplied to 5 the active site of
titani um oxi de core, whereby jhe coating |ayer
functions such that the ability to elimnate the
basic gas from the total photocatal yst is enhanced.

However, in the photocatalysts described in Patent _. .
5 DRAEHEE 47 SR8 S IOt o FERoRIO0 T ST paFFob o iom oxide
over organjc substances is, 10 not. sufficient _either
PAZRECH TAE-PROROCSE S oty s T Bt 1h Pt ént OBSdUfeREY ST Of
5, the adsorptive capability over harnful g ot her .
hyggaked bkt ECya3u FEORHSHHY | T BHC B SCQJ?-CO@ed&Pé&mg layer
because the_ structure of the photocatal yst obtained
sebyCt hee kit HbeP des ditic éd s iich Ipat aRe Foctierti it oF g Lied to
mechani cal strength or durability of 15 the coatin%,
theayekivd Sydr afediEANivEa 9% dhSFE cFERT SPPatthtCOATing layer
Docunent 1: Japanese Patent Lai d-open No. 1997-182782
fupgt enes Deeohehta 2: tapdeket pate L i ighdhenyasic gas from
1997- 225321 Patent Docunent 3: Japanese Patent No.
th848447F0 PaventaDetyusents 4enilipetése Patent Lai d- open
No. 1987-260717 20 Patent Docunment 5: Japanese
Pabveatetaiidr apenpNot 020021 159865 s @I iSGIIOSURE: DR THIP cument s 4
I NVENTI ON [ 0008] Under the above circunstances, an
andbp pgthafoddmmgrasigniton 2% rifoverticenoiert or provd delkestances is
phot ocat al yst-containing organic material with a
nophatfaociatianystiecbataianedinnttehphotgantelyat elksalribed in Patent
whi ch is suppressed in the deconposition or
Dodelent of attilen gk capt5 veor gaah ¢l supstwrc eéabeifng gas other than
contact with the photocatal yst with the
naphet geat akytheufaneiéen. r etiai neds whbchi dareds dtdesfiyse the
the requirenments such as the prevention of
st€QRtapkNati PAe photocatalyst obtained by the method described

in Patent Document 5, or the mechanical strength or durability of
the coating layer of hydrated silica is insufficient.
Patent Document 1: Japanese Patent Laid-open No. 1997-182782
Patent Doqument 2: Japanese Patent Laid-open No. 1997-225321
Patent Document 3: Japanese Patent No. 3484470
Patent Document 4: Japanese Patent Laid-open No. 1987-260717

Patent Document 5: Japanese Patent Laid-open No. 2002-159865

DISCLOSURE OF THE INVENTICN

(00081

Under the above circumstances, an object of the present
invention is tc provide a photocatalyst—contaiﬁing organic
material with a photocatalyst contained in the corganic material

which is suppressed in the decomposition or deterioraticn of an
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deodori zation, sterilization and the like. 5 [0009]
The present inventors have paid attention to the fact
that a porous silica coated photocatal yst is
difficult to deteriorate an gorganic material, but
the photocatal ytic activity is insufficient, and
have considered that the cause of the low activity is
the. light .10 which is difficult to reac :
otk IBROURY BEATEHIGEPSRe oohSh (fRngrbrCegrakyst with the
since ljght is diffused due t porous film_.an
PGS e atove B ot b a5 TR Fe s doked
with a silica filmhavi ng no .pores. Th nm.thgé have
TeREHEEBIM ekt BHSE V& €S dtt© a8 &% ST Have *Found
that a phot ocat al yst - cont ai ni 15 organic materia
de?ﬁﬁ%&?%ﬁ&?ﬂ#(ﬁtﬁf%ﬁﬁﬁﬁﬁifﬁhéﬁmggjﬁh ani c substance

and a photocatal yst contained in the nmenber is
eXt&iilent in photocatalytic activity and difficult
to deteriorate an organic material, characterized in
tHR RIS PHot BetHIgis Nay piviicded bRt onathagae fact that a
havi ng photocatal ytic activity and a substantially 20
popote-FirldeasicPreaa Bk decd iy Toviér Png Tt Rl base deargorate an
that the alkali netal content of the photocatalyst
organ omatess atlthalputl Uysneibeitoprital vipke achanityoooipprfficient,
Thus, the invention has been conpleted. That is, the
anghegentohavearedntral ahescewse of the low activity is the light
phot ocat al yst-contai ning organic material conprising:
wh2&h al sretrbler i conprisimpan drgarite lsulssranee; sandcanductor
phot ocat al yst contained in the nenber, wherein said
conphint totaf ab iy sto wonprirsiengigbt asbdséfhawingue to a porous film
photocatal ytic activity; and a silicon oxide film
an€ovedt nghd hebdras eprothilerreiqurt e fidlmdcs ifsulistiantpakky with a
pore-free, and
silica film having no pores. Then, they have made an extensive

effort and as a result, have found that a photocatalyst-containing
organic material constituted cf a member made of an organic
substance and a photocatalyst contained in the member is excellent
in photocatalytic activity and difficult to deteriorate an organic
material, characterized in that the photocatalyst is provided with
a base having photocatalytic activity and a substantially
pore-free silicon oxide film covering the base, and that the'alkali
metal content of the photocatalyst is not less than 1 ppm but not
more than 1,000 ppm. Thus, the invention has been completed.

That is, the present invention relates to a
phofocatalyst—containing organic material comprising:

a member comprising an organic substance; and

a photocatalyst contained in the member,

wherein said photocatalyst comprising:
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wherei n the photocatal yst has a al kali netal content

of not less 5 than | ppm but not nore than 1, 000

ppm [0010] According to the present invention, the

deconposition or deterioration of an organic

mat eri al can be suppressed with the necessary

phot ocatal ytic activity retained. 10 BRI EF

DESCRI PTI ON OF THE DRA . [0021]...The

F O BRET I ORE CORCr e Shed b hert b sars 27 -

characteristics, apd advantages .becone further .clear .. .

byatﬁéih%%?o%ﬁ%?e&e%o%?%% 3 % 166 JESEA neg%e Erlm is

el ow and the fol low ng draw ngs acconpani ed
SHEHE?%F6?9%¥gPOEETﬁr%?gr%$ showing a log differentia

pore volyme _distribuytion curve (a solid line) of a

BR6EBLAL A1 BACEoaRE 4 VoA Fé&@mi%?tap]orﬁgn&&P&n%f not less

di stribution curve (a dotted || %%iOf a 20
thﬁﬁo%oE%@a??%tn?Bh%?B%a¥%ﬁ@s%'é%? %-hout having a

silicon oxide filmcorresponding to a base of the

phbtdeatalyst 1. Fig. 2 is a graph showing a | og

differential pore volume distribution curve (a solid

| hpeyréing photloe dr et §31 T 5 ERN e drog Thd REcaRcisalt1on or

pore volume distribution curve (a dotted line) of a
de2§rphosbiat ap{san (phdrbeate ystia])cag tifoudradssgdawith the

silicon oxide filmcorresponding to a base of the
nephoetacat phystcal aFygic 3adsial gr aptiasiewi-ng a | og

differential pore volunme 7 distribution curve (a

solid line) of a photocatal yst 15 and a | og

differential pore volunme distribution curve (a dotted
BRIEAeDPEBERAPT phidt OF aT Ak y3RAY et ocat al yst 20) wi t hout

having a silicon oxide

[0011]

The aforementioned objects and other cobjects, characteristics
and advantages become further clear by the appropriate embodiments
to be described below and the following drawings accompanied
thereto.

Fig. 1 is a graph showing a log differential pore volume
distribution curve (a solid line) of a photeocatalyst 1 and a log
differential pore volume distribution curve (a dotted line) of a
photocatalyst (photocatalyst 20} without having a silicon oxide
film corresponding to a base of the photocatalyst 1.

Fig. 2 is a graph showing a log differential pore volume
distribution curve (a sclid line} c¢f a photocatalyst 5 and a log
differential pore volume distribution curve (a dotted line) of a
photocatalyst (photocatalyst 21) without having a silicon oxide
film corresponding to a base of the photocatalyst 5.

Fig. 3 is a graph showing a log differential pore volume
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filmcorresponding to a base of the photocatal yst 15.

5 Fig. 4is a graph showing a log differential pore

volune distribution curve (a solid line) of a

photocatal yst 19 and a log differential pore vol unme

di stribution curve (a dotted line) of a

photocatalyst (photocatal yst 20) w thout having a

[ f|Im e di
d1§% %@g %%ysﬁﬁr 825& fﬁ%@)(ﬂg ghﬁtgﬁgﬁﬁg s{hﬁiand a log
er ent al pore vqu trihut] u S

dlff%r%no%a% 6ﬁp SE%lB 1gH v%.; ere%icpllge of a

oca%ﬂ a Io
i.Stri |on c . dott d l.i_ne
SNt e i S yaﬁtygo\s d§ oSG g % feon oxide
licon oxid f|In1c respo ing to a base of
i PhoroehE Ayt . M HASE B STE GrRER oG 25 .
differential pore Iune di stribytion curv
T18) Bii% DHOTECA RIS D3 3&9 glﬁégre&tﬁair %ﬁff?avo ume
pore vol| une distribution curve %
dl%‘ﬁ%%]%%%% VS (SoHGt Geat al {ste ﬂf i PHSEPCF\EW ata19 and & log
silicon oxide filmcorresponding to a base of the
dibhet at at ;l%QrQ?OlZ@GF%St?ngtéO@r‘éﬁﬁv%hb%%taeq ggne) of a
differential pore volume distribution curve (a solid
rhoiereytatvet phdtoketald/sts 22 Und' g MgivEfrer engitaficon oxide
ore volunme distribution curve (a dotted Iine) of a
fiﬁho@@@a@%@%@lr@hm ccdray st Zde whciews thdvishg 14 -
silicon oxide filmcorresponding to a base of the
phiot oclat &t ystg2ph 2B1dM Iy & ileda djifdpiy eotiawilngoae| sglume
differential pore volunme distribution curve (a solid
distn)uiofoa photocat abyst Porandad pyotdickfelgntiad and a log
pore vol ume distribution curve (a dotted line) of a 8
dipheteacatal ysird photoeatakystib20)iow thoue haviaolgel 1ine) of a
silicon oxide filmcorresponding to a base of the
phphotocal gty s{pl26t o BESN WMIDE (FOR IGARRY] NGVAUL BHEilicon oxide
I NVENTI ON
film corresponding to a base of the photocatalyst 22.

Fig. 6 is a graph showing a log differential pore volume
distribution curve (a go0lid line) of a photocatalyst 23 and a log
differential pore volume distribution curve (a dotted line) of a
photocatalyst (photocatalyst 21) without having a silicon oxide
film corresponding to a base of the photocatalyst 23.

Fig. 7 is a graph showing a log differential pore volume
distribution curve (a solid line} of a photocatalyst 24 and a log
differential pore veolume distribution curve {(a dotted line) of a
photocatalyst (photocatalyst 20) without having a silicon oxide
film corresponding to a base of the photocatalyst 24.

Fig. 8 is a graph showing a log differential pore volume
distribution curve (a solid line) of a photocatalyst 26 and a log

differential pore volume distribution curve (a dcotted line) of a
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5 [0012] The photocat al yst-containing organic

material of the present invention conprises a nenber

conpri sing an organi c substance and a photocatal yst

contained in the nmenber. The fresent invention is

characterized in that the photocatal yst is provided

wWith a base 10 having photocatal ytic activity and a

subst anti a | ore-fre silicon, gxide .fil.m caover.i.n .
phehachaaby Shnte RRESa kafvomet bl SCoriet Tk e Fdgton oxide

.than 1 m but not nore than_1, 000 m ( her.ei naf.ter
flbmoﬁ%FFggg?ﬂ6}9grE?e?r%%??oo%stQF"Q§3%QA§¥%$ﬁ%£326'
coat ed photocatalyst"). 15 [0013] The af orenenti oned
silicon oxide coated photocatal yst refers to a
phot ocat al yst having a surface of the base having

BEphotigeht BPyt FeRRY et Poh Bdat BV EITH™ i1 m made of

silicon oxide. Accordingly, the silicon oxide coated
phoPbdht al yst does not include a 20 photocat al yst
bonded to silicon oxide that is produced by fornin%
alphoploehrad yaty s aterniasi 1 presence witegilkilcod the present
oxi de or a conposite forned by conbining silicon

inepxhteoni tdmar phot ot atcaloest copprikéngape veddelc SHwtance and
type of coating a base with a silicon oxide filmis

a nobto@stphyst cobardindd nin ethe andnbaic] udds: amessint invention
coating a part of the base and coating the whol e

isbaseraButyi fadint heavivBwpeihot othablyst is pdiovfiidedl vith a base
to deteriorate the organic material, the whole _

hasunfapckoBoceatal hiei basetisipy efred abl yuleoatred aliityh ravre-free
filmmde of silicon oxide all at once. Herein,

siexaoplesidd ftihe sbleeongatideabiel, mhdadhsdel kbot hr@tal content
non-calcined filmand a filmafter calcining. In the

ispheseDtssi AMEgAt i oppm PHet efidednd Se acieal ci e fddrm @fereinafter
silicon oxide after

properly simply referred to as a “silicon oxide coated
photocatalyst”™).

[0013]

The aforementioned silicon oxide coated photocatalyst refers to
a photocatalyst having a surface of the base having photocatalytic
function coated with a fiim made of silicon oxide. Accordingly,
the silicon oxide coated photocatalyst does not include a
photocatalyst bonded to silicon oxide that is produced by forming
a photocatalyst later in the presence of silicon oxide or a
composite formed by combining silicon oxide with a photocatalyst
in the same vessel.

The type of ceating a base with a silicon oxide film is not
particulariy limited, and includes any of coating a part of the
base and coating the whole base. But, from the viewpoint that it

is difficult to deteriorate the organic material, the whole surface
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5 calcining. As a base having photocatal ytic activity
(hereinafter properly sinply referred to as a
"base"), a netal -conpound photonic seni conductor can
be used. Exanples of the neta|-conpound photonic
sem conductor include titani um oxide, zinc oxide,
tungsten oxide, 10 strontiumtitanate and the |ike.
Among them preferred is titanjium i.de ich.is.. .
Of REOPPERt - T b Ot GEALBIFRE Akt Fid %&Hﬂmégﬁb‘?# ily-Lcon oxide
as well, and which is harm ess. Exanples of titaniym .
alhxddeniGfel udierSdmer FREHELEY pel tFian U & &éﬁl%%ﬁi@emlude
type titaniumoxide, rutile _type titanium oxide,
bo bl GokPR et Ypered tAdmuaned deland tetecfikén1ng- ofn the present
t hese, anatase type titaniumoxide, rutile type ,
invenbiommiosd lderref B moaard ndieriddflt &fc RPN RXERE alter
photocatal ytic activity is nore preferable, and a
caspahina@anmunt of anorphous type titanium oxide may
al so be contained therein. As a base, there can al so
bies usbdsa met ahg compoard aghydtioné et 1 POt g et coniduditmr properly
with one or nore transition netals added thereto, a
simel al rebapothd: s ens conthrtdt) wia megré -ormpouedofhotonic
typical elenents in group 14,.group 15 and/or group
seiboatidiec: dhebetloe vagphotixring 1 eseni ¢tbrduct @ -compound photenic
constituted of two or nore netal conpounds, and a
sefil xdhdecofr tiwe: larddrot e anetial o:cioipoundcpbeidaj ccungsten oxide,
sem conductors. 25 [0014] Furthernore, as a base, a
st partich e iehhnthe apfalhr<compeundmopbationmi Cpreferred is titanium
sem conductor is preferably used. Further, however, a
ox1Qe WwEtal <eoBREYNU:phOl ORiNG teeRieonduet ot preferahl ytability
contains a base having a specific surface area of
as Rrefier ahkywiatn liessathans30 ARAgplefwyeLprahenabbyide include
not less than 120 n2/g but not nore than 400 n2/g

am@PEh IRsto et erabl ynnoti deessntbaBe b aRigabutimn®tide, rutile

nore than 300
type titanium oxide, brookite type titanium oxide and the like.
Of these, anatase type titanium oxide, rutile type titanium oxide
or a mixture thereof excellent in the photecatalytic activity is
more preferable, and a small amount of amorphous type titanium
oxide may also be contained therein.

As a base, there can also be used a metal-compound photonic
semiconductor with one or more transition metals added thereto,
a metal-compound semiconductor with one or more of typical elements
in group 14, group 15 and/or group 16 added thereto, a photonic
semiconductor constituted of twe or more metal compounds, and a
mixture of two or more metal-compound photonic semiconductors.

[0014]

Furthermore, as a base, a particle of the metal-compound

photonic semiconductor is preferably used. PFurther, however, a
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5 n2/g. When the specific surface area of the base is
within the above range, excellent catalytic activity
can be maintained. Meanwhile, when a base can be
clearly recogni zed as a particle, the specific
surface area of the base canl'be cal cul ated by the
general BET nethod. In other cases, based on a
primary particle 10 dianeter obtained froman X-ray
megh i feapdord armtpsils semicradegien REsbardEordinigits a base
the Sheller's equation or the observation of a 5
haptihger prpai £ el 211 Gry 2ar2eb & aiede rmbdrosebpess kgan 30 n°/g,
"surface area" is calculated tgrough spheri cal )
mo tenver & miblandothéesaetlghn "12G §°éallowt atcsdmprent-bhe 400 m”/g
true density of the crystal phase by _finding 15 out
and heost ystaf e phase rfatometsive tdiahf A28t Ofy dndl yisits mefre than 300
X-ray or electron beam and the vol une obtai ned from
m’ Ache Wiy ehspherdiclc soofuersiomg ofHerebysthe wpebihitdie above
surface area of the base can be obtained. Wen the
rah@se éscal paft i cleyl yitisc prdnerit paran dlee mdiamretierdi. s
20 preferably not less than 1 nm but not nore than 50
e &neh s £ whpheh asadd yamobel @ssathame2onmibutl aota particle,
nore than 30 nm Wen the primary particle dianeter
+h@f shbei baseshsrad hired i drangeyse exeeldeertalculated by the
catalytic activity can be maintained. [0015] 25 In
gehBea Presenieti et itonotexanphesspfbdbhed abikal iprtetaly particle
include lithium sodium potassium rubidium

ai&fstum offanciyn: and e dd ket e dding ahatihese and the
al kali netals nay be used, or two or nore 11 ki nds

catbey epf oy R s » Fhd Base) P efeffAad drSosodidiBbservation
and/or potassium” and nore preferred is sodi um

ofggmmagf%ﬂt&@l'e nehal, gantestt o the-phatqat &St surrace
area” is calculated through spherical conversion and the “weight”
is calculated from the true density of the crystal phase by finding
out the crystal phase from the diffraction analysis of X-ray or
electron beam and the volume obtained from the above spherical
conversion, whereby the specific surface area of the base can be
obtained.

When the base is a particle, its primary particle diameter is
preferably not less than 1 nm but not more than 50 nm and more
preferably not less than 2 nm but not more than 30 nm. When the
primary particle diameter of the base is within this range,
excellent catalytic activity can be maintained.

[0015]

In the present invention, examples of the alkali metal include

lithium, sodium, potassium, rubidium, cesium, francium and the

like. ©One kind of these alkali metals may be used, or two or more
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5 quantitatively analyzed by using an Atomc
Adsor pti on Spectrophotoneter (AA), an Inductively
Coupl ed Plasma Atom c Em ssion Spectroscopy (ICP)
an X-ray Fluorescence Spectr ter (XRF) and the
like. The alkali netal conte in the silicon oxide
coat ed photocatal yst is preferably not less than 1
.ppm and nore 10 preferably not [ess than 10 ppm en
i RS} RRBToT s et T SHEBET oRto b e 8 'so01th and/ox
i mprovenent of the photodecongosi lon activity is
PohBRFeVEd. ANRERCTE PEeHotrFoss t"’l'f%éf% ppm an effect
on the inprovenent of the photodeconposition
atPP¥Ply becomes remarkable. The reason why the
phot odeconposition activity is increased by 15
cBhe ap hkall gt ek crdberh arounth o e catadivis theal bes
not always definitely clear, but it is considered so
qubetatstithey agsdt predroy ragEnefan He deichMsosinrtenn
target is enhanced. On the other hand, the upper
Spkhrbpbbtohetal k&hd) meral Izdntiente}s pruflacdlypsgst Atomic
nore than 1,000 ppm nore preferably not nore than
Em500ippntandtfusthey 20CPHr ef @r abt yandtlumres adrare 2Q@ctroneter
ppm By having the content of not nore than 1,000
(XpPn aed utheoh igk . a Bid iaddm loxindeat idontocant Be the silicon oxide
suppressed. Furthernore, by having the content of not
coibed phancch081 ppm igenes bt ranml pfnsti nteerd righeof 1t Ipgpm and more
photocatal yst in a calcination treatnent at a
pre€apebayufet range tofarexdeedicng Bin 25 degnee less than 1 ppm,
centi grade can be suppressed, and by having the
ancemtrent of tnetimprevihant 200 ppMmphdtddeqagsidilted dro activity
make it difficult to further progress sintering of
;st Benphotacat ahyst i+ 12s ot hessoriesn the wont ent «ffect on the
the alkali netal contained in the silicon oxide film

imE%8QéﬁE§EapﬁXﬁ@@ﬁhb@éée&@@ﬁoéiﬁpﬁﬁbMﬁjﬁﬂkynBé@omé§Eﬁémarkable.
ppm and nore preferably not less than 1 ppm but
ThBOL-cARKE whhann200hePAecomposition activity is increased by
containing a prescribed amount of the alkali metal is not always
definitely clear, but it is considered so because the adsorption
rate of the decomposition target is enhanced. On the other hand,
the upper limit of the alkali metal content is preferably not more
than 1,000 ppm, more preferably not more than 500 ppm and further
preferably not more than 200 ppm. By having the content of not
more than 1,000 ppm, elution of a silicon oxide film can be
suppressed. Furthermore, by having the content of not more than
500 ppm, generation of sintering of the photocatalyst in a
calcination treatment at a temperature range of exceeding 8C0
degree centigrade can be suppressed, and by having the content of

not more than 200 ppm, it is possible to make it difficult to further

progress sintering of the photocatalyst.
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5 [0017] The term "substantially pore-free" neans
that there are substantially no pores present in a
silicon oxide filmwhen the pore size distribution
of a base having photocatalytjc activity used as a
raw material in the producti of the silicon oxide
film10 coated photocatal yst is conpared with that of
a silicon oxide film coated photocatal yst prepared .
B aTRtfe  Base CRAVERY Oﬁhﬁ%ﬁ@% ety ﬁ?%_\?liﬂﬁd in the
~the range of 20 to 500 Angstrons. Specifical&y, %h%
sibigran Sideledifdtm patPERI DAL hasd HEFPnghan + ppm but not more
photocatal ytic activity and that of a silicon oxide
thaii | foppPRdnd MPOPEEALARYEY WPl Foiindheat L pyPH frart not more
measur enent of the pore size distribution such as a
tham t4dgarrradsor pti on method or the Iike, and conpared
to each other, whereby it is possible to determ ne
wHEllHEr there are substantially any pores present in
a silicon oxide film or not. 20 [0018] To nore
spreci fd al 1 yuidasort ize 1oy way coff rieieffdinegnshéhpor ehergearc
di stribution according to the nitrogen adsorption
subethrotialily irsc posss hieedentdetreranisid iwlet ker dehéfém when the
are any pores present in a silicon oxide film
po BE COT £ ngh 4:or tthe: fat |oMan@aret heds ngl phiba o4y a2ftic activity
Herei n, an exanple of using a photocatal yst particle
us&$ & basgwWwhditerbel desenkbechbdetioivn ©F) thae silicon oxide film
phot ocat al yst particle is dried at 200 degree
co&eRd ié:g{&dﬁal%ly@tditshe@mmd@wadmtmt QiT izSet heean ioxide film
the desorption process is nmeasured; (2) an N2
coRASOrPLH O84SOt her pafparal ldcarkion) ded idamec batredg
phot ocatal yst in the desorption process is nmeasured;
photocatalytic activity in the range of 20 to 500 Angstroms.

Specifically, the pore size distribution of a base having
photocatalytic activity and that of a silicon oxide film coated
photccatalyst are found out by the measurement of the pore size
distribution such as a'nitrogen,adsorption method or the like, and
compared to each other, whereby it is possible to determine whether
there are substantially any pores present in a silicon oxide film
or not.

[0018]

To more specifically describe a way of finding the pore size
distribution according to the nitrogen adsorption method, it is
possible to determine whether there are any pores present in a
silicon oxide film according to the following methods (1) to (4}.
Herein, an example of using a photocatalyst particle as a base will
be described below:

(1) a photocatalyst particle is dried at 200 degree centigrade
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5 (3) the aforenentioned two N2 adsorption isotherns
are interpreted by the BJH (Barrett -Joyner-Hal enda)
nethod to obtain log differential pore vol une
di stribution curves in the ragge of 20 to 500
Angstrons; and (4) by conparing two |log differential
pore volune distribution 10 curves, when there is no
i n whi t he Iog dlfferentla 0
anfihEhE POl IR TEdsred SohbEotars yEE FESREPH] BEsorocess is
than 0.1 m/g greater than the log differential pore
meGBrGRE’ of the photocatal yst particle, it is
determ ned that there are substantiall ores
pfeseRf Fn aéiwme&ﬁ GROFE LT Mt énstlﬁé(?%s pifigrf1lm coated
hand, when there is region in which the |og
phatpfzéiaéhwm inpbhe %%%%tﬂd%n 95 dioh BaE Ehat ed
photocatal is not less than 0.1 m /g greater than
t hé) | Blge d¢ %@r@%rtmawn%r‘féﬂq/dizuﬁéswpi%@n 1sotherms are
phot ocat al yst particle, it is determned that there .
inheeppoted bypridsemit fBarseticdayssiddat ¢nan) method to obtain
Incidentally, to have a range 20 of not less than 0.1
logl Agfisrbecaus oaraemslimendntstedbotioh abbues D1 Ithe range of
m/g wde of the log differential pore volunme val ue
201 hot he0 Apasurementawfl pore size distribution by the
nitrogen adsorption nmethod occurs in nmany cases.
When B wadneg rdinfof ewent é@ldipdree erdliwiepdistve butd e stribution
curves are 25 conpared in the range of 20 to 500
cufngst rems; texirst enceo afegamesn winieh giHel ¢ong @xiderential pore
filmcan be substantially determ ned. Furthernore, it
vol&mBOt e frefanabice thatet vt og didtferentlivalt 14 neorless than
vol une distribution curves are conpared and there is
0.MOmL ¢gi ReatBrWhheh the leg differemial pore waluee of the
of the silicon oxide coated photocatal yst is not
phb€88athans0. daftLe1gf eat ef s thare tiened aghai fifrerentiral
pore vol une of the photocatal yst particle in the
substantially nc pores present in a silicon oxide film. On the

other hand, when there is a regicn in which the log differential
pore volume of the silicon oxide coated photocatalyst is not less
than 0.1 ml/g greater than the log differential pore volume of the
photocatalyst particle, it is determined that there are pores
present in a silicon cxide film. Incidentally, to have a range
of not less than 0.1 ml/g is because a measurement error of abcut
0.1 ml/g wide of the log differential pore volume value in the
measurement of pore size distributicn by the nitrogen adsorption
method occurs in many cases.

When two log differential pore volume distribution curves are
compared in the range of 20 to 500 Angstroms, existence of pores
in a silicon oxide film can be substantially determined.

Furthermore, it is more preferable that fTwo log differential
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5 range of 10 to 1,000 Angstrons. [0019] Herein,
when there are pores present in the silicon oxide
film it is difficult to inprove the
phot odeconposition activity. _The reason is not
al ways definitely clear, but 1t is supposedl y because
10 the diffusion or reflection of |ight easily occurs
inthe silicon oxide filmdue to existence of the ‘
PO PR MEd Ufter A BEEEP AL PR gIME VEiSn BR TP agie dup R dicdlcet s no region
rays reaching the base having photocatalytic _
ina¢hich tyhe are rddiicdrrntdrel arvgintvosfumgolods tagdsilicon oxide
el ectrons generated by the excitation of the
cophot autattadysta 1 1St Fus trier |, Lagverthigme Osdneldwogreagkr than the
silicon oxide is used for coating, it is supposed
log hiitf ficheertthieck pess gblthe of ldheophoxpdetiivat hevitngele in the
pores is increased nore than that of the silicon
ralxe def fi¢ mdavi e Aoggporess.as much as the vol une of
pores and as a result, the physical distance between
t @ base havi ng photocatal ytic activity and the 20
organi ¢ substance of a deconposition target becones
| 'ag g€l 15,0 wihkat theubficd enrirephpt odeconposihkl ohl Acdm \ixdiyle £ilm,
is not achieved. [0020] The anmount of silicon
it SUpROrted.on the isibheentaxi tieccoat eshnp phidt Osataltyistity. The
per a surface area 1 nR2 thereof according to the 25
rePESSAR nbPvENid RN degidival e calcubat etk fikogphesedly because
anmount of silicon supported on the silicon oxide

th&odted, Phat egatalryst-tand shel s aee 118 83cEsthe the silicon
silicon oxide coated photocatal yst. The anount of 15

oxShb 1 £OT, SURPOF L edy 00- 4 he: si i1gQn xide pat@diucing 1ight
phot ocat al yst per a surface area 1 nR thereof is not

i R - HiAD 140 Wi, -

e bERFLLUR B0 O TRk TSR B D i ipe

ph%r%c?céggﬁ%‘ﬁ@{@ Q&@I\?{@yb,l yaﬁ@trécﬁﬁﬁ&%eo'a%@dm k%lft HR@ks and

electrons generated by the excitation of the photocatalyst.
Further, when the same amount of silicon oxide is used for coating,
it is supposed that the thickness of the silicon oxide film having
pores is increased more than that of the silicon oxide film having
no pores as much as the volume of pores and as a result, the physical
distance between the base having photocatalytic activity and the
organic substance of a decomposition target becomes large so that
sufficient photodecomposition activity is not achieved.

[0020]

The amcunt of silicon supported on the silicon oxide coated
photocatalyst per a surface area 1 m® thereof according to the
present invention is a value calculated from the amount of silicon
supported on the silicon oxide coated photocatalyst and the surface

area of the silicon oxide coated photocatalyst. The amount of
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5 1.25 ng, and further preferably not |ess than 0.18
nmg but not nore than 1.25 ng. Wen the anmount is
| ess than 0.10 ng, an effect on the inprovenent of
t he photocatal ytic activity ﬁ the silicon oxide
filmis small. On the other nd, when the anount
exceeds 2.0 ng, the proportion of the base occupied
in the silicon oxide coated 10 photocatal yst is too

si]b9et eiRRr R hetighot bicdtadl yiider Grétegnphpsocatalyst per
hardly inproved, The anpunt of the supported silicon

a $erimehiarea Hemaboheredhdge Niter&6y ahaf§ ekl M ifenot more
i mprovenent of the photocatalytic activity by the

thail ? comoxires f¢ fab beconesleserdiall-e 2 15 PRe not more than
surface areas of the base and the silicon oxide

1. goayeduophatochewdlyst wein Y ddsur 6d sy ngs g &oBETOore than
nmet hod specific surface area measuring instrunent by

1.7 trpgemdads ot pe ik opranel aldies oopt L oas afitar Oa lBemyipigt not more
treatnment at 150 degree centigrade for 15 mnutes in

thandr y2 gasy .f | ghveaf thedews ot nts dfessothapre. thamy - 968 fect on
20 degree centigrade. [0021] The nethod for

th@riegucivigecnhes Sidhecphobat dez toat ed cphotiogdtakystsilofcon oxide
the present invention is characterized by maintaining

fithe PHm=0fl .t hen Mined$eiruhbnd, condrithiengmbohh ¢heseds 2.0 mg,
base and the silicate 25 at 5 or | ess when the base

£h@rl 886PLrit No@No AGHIEO USa s db ki SeC Gat ethe Witlican oxide coated
silicon oxide filmby using a silicate. [0022] 16

ohEX3RRLESy Of e aguenusdedbuihhd tie Ahove graduticngunction
nmet hod include water or a m xed sol ution contai ni ng

15 Wed 11 RS Rl . ORDQRRMN tARE Bk QLGRRIEe80kVENton is within
capabl'e of being dissolved in water such as

tndl kpbati £28LL0hehSre@ i phal f £o @t hal L rRNd e ddk@dt of the

photocatalytic activity by the silicon oxide-film becomes

remarkable.

The surface areas of the base and the silicon oxide coated
photocatalyst can be measured by using a BET method specific
surface area measuring instrument by nitrogen adsorption and
desorption after a heating treatment at 150 degree centigrade for
15 minutes in a dry gas flow of a dew point of not more than -195.8
degree centigrade.

(00211

The method for producing the siliceon oxide coated photocatalyst
of the present invention is characterized by maintaining the pH
of the mixed solution containing both the base and the silicate
at 5 or less when the base present in an aqueocus medium is coated

with a silicon oxide film by using a silicate.

[0022]
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5 Concrete exanples of the aqueous nedi um i ncl ude

water, and a m xed solution of water and nethyl

al cohol, water and ethyl alcohol, water and

i sopropanol, and the |ike- t hese, water is

preferable. Further, these water and m xed sol ution

can be used singly or in conbination of two or nore

kinds. In the aqueous nedium in orﬂgr %O t o_enhance

tieaTeR sperad Bitts (RSO Mgt y Nof-hEpabove producing method
_ photocatal yst, an organic sol vent capable of being .
ing} udo| W T et et P At Sivaiad aPgogiFer a8 a main

aliphatic ethers and the |ike, and_a surfactant  such

- comoRt R phard AT TEE11 Gl S P PeRpechefs begapaflirgolved in

and the |I|ike can also be further mxed. 15 As a ,
waket i tatie,asa addiphasfi caadicbheil 8. agl Bkl retdie 161 isgshéhe iike.
thereof is used and it may al so be used in
Cogonbiaatizowlsfs po-lvr amyeeus Rediun JadilnAsgrtsramnd a nixed
potassiumsalts are preferable fromthe vi ewpoi nt
sclhaton hef ware beanddustirylald yeadasl,| yadeai kagl ethaadalcohol,
an aqueous solution of sodiumsilicate (JI S K1408
walwaterd gtassspansl f anthene 13Gepr éfferla® gbhee jas preferable.
di ssolving step can be omtted. [0023] Wen a base
ruptesentthdsanagirecust mdiedmsbdutdatedamitd weesl lsicgiy or in
oxide filmby using a silicate, the aqueous medi um
colasezaneh i kiveabe mge: Mixed,. and tttheamixedssotdivon in ordex
is subsequently matured. 25 Specifically, a coating

to netihad-d reludesparsipepl of ymXisag udt Liegstf @Any pboeocatalyst,
set of (i) an aqueous medi um containing a base and a

anSbhy&A €, so(Fént afhBBEOUSE MRt iMBiotAividngnawater such as
silicate and a base, and (iii) 17 an aqueous mnedi um

al EORL Al BING A dases anghani aqueeus daRdicum 1 cent andi Aguadfactant
silicate, and a step of maturing the m xed sol ution.

subfl &ssteproft matiinag, egabhrgief pal pethens, agdideins and the
filmto the base is slowy progressed.
like can also be further mixed.

As a silicate, a salt of asilicic acidand/or an oligomer thereof
is used and it may also be used in combination of two or more kinds.
Sodium salts and potassium salts are preferable from the viewpoint
that they can be industrially easily available, and an aqueous
solution of sodium silicate (JIS K1408 “water glass”) is further
preferable since a dissolving step can be omitted.

[C023]

When a base present in an aqueous medium is coated with a silicon
oxide film by using a silicate, the aquecus medium, base and
silicate are mixed, and the mixed solution is subsequentliy matured.

Specifically, a coating method includes a step of mixing at least

any one set of (i) an aqueous medium containing a base and a silicate,

(ii) an aqueous medium containing a silicate and a base, and {(iii)
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5 At this time, it is necessary to maintain the pH of
the aqueous medi um containing both the base and the
silicate at 5 or less, and the pHis nore preferably
in acidic regions of not nore than 4. Wen the pHis
maintained at 5 or less in tﬁ% absence of a base, a
condensate of a silicate conpound is hardly
precipitated singly 10 froma silicic acid, a

an S1qUeGte TOh Whd/ B3R 619 Gormers S RECe. 29BROPReMEd T UM
ot her hand, when the pHis maintained at 5 or lLess in. .

conmlnigresendd L 6pta, balse,2 (HEDS GFf BRBUBFNY HpFdged solution.
functions as a condensation catalyst of a siljcate '

In gompeendt Strtwatng SOREON O6xd det 9 PELEai tkhy to the base
generated only on the surface of the base. 15 Nanely,

is tdheowaly dbccgeggors. of pH of 5 or | ess enable to nake
a solution containing a silicate conpound stable and

- ref erhitsotamer egi ors capabbersf to oravmpisi (theopt o dde aqueous
inthe formof a filmon the surface of the base. In

med hen basite irdgigpbstbf thddaid ehdlthers woretavagn® or less, and
solution 20 containing a silicic acid, a silicate

£hé ot ang/asranc ot fgortelry trhexaiofid sawmtased fsingic| apicy than 4.
to the acidic regions of the pHof 5 or less, a

wheongensat e ofnad reidiineat etcénpouhdsssiharttt yabsence of a base,
precipitated. Furthermore, since a silicon oxide film

a déndardmd: Jr am onl yate paintpofnd He Beldtaterdaipigated singly
it is not preferable. 25 Furthernore, since the pH

fréﬁngespji@i@Oaéﬂd§a§iéj&£ﬁﬁﬁﬁEﬂdﬁséhdﬁﬁdeMSGﬁ@Omﬁrathereof.
silicate conmpound, that is, a fine silicon oxide

onPand i che-and,i, g8len the pil HeoRadxtdentdll m beeonmEsss in the
porous or 18 silicon oxide is partly fornmed on the

préyEhace, of s thesbasene theref@f &£ dte isadiotfunctions as a
preferable. When an organi ¢ nedi um such as al cohol or

cohBERLLKE LS REESSBE of Ny &l pAMSALIS.dRMIUHR &) RERtt hesilicon
pH cannot be accurately nmeasured

oxide film is quickly generated only on the surface of the base.
Namely, the acidic regions of pH of 5 or less enable to make a
solution containing a silicate compound stable and refer to a
region capable of forming silicon oxide in the form of a film on
the surface of the base.

In the basic regions of the pH of 11 or more, when a solution
containing a silicic acid, a silicate ion and/or an oligomer
thereof is matured similarly to the acidic regions of the pH of
5 or less, a condensate of a silicate compound is hardly
precipitated. Furthermore, since a silicon oxide film is formed
from only a part of the silicate in use, it is not preferable.
Furthermore, since the pH range of 6 to 11 easily generates a

condensate of a silicate compound, that is, a fine silicon oxide

particle and/or gel, the silicon oxide film becomes porous or
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5 with water pH el ectrodes, it can be nmeasured by
usi ng pH el ectrodes for an aqueous sol ution
contai ning an organic nmedium Separately, it is also
possi ble to neasure the pH b% substituting the
organic nediumw th water of 8t he same vol une. [ 0024]
10 As a nethod for maintaining the pH of the m xed
'solution containing both the base and the silicate
sijicenexidesss RATdn 4 RRINBASE tRE |SUcdfee agldsurase; therefore,
solvent are m xed and matured, a nmethod in which the
itpks ohot herafeeddse nedi umis al ways measured and
properly adjusted by adding an acid or a base may be
ugedn Howevernlid Sngdivns sgionvesi ahtoheltere tint dlike 1s present
wei ght of the basic conponent contained in the '
insath i aateows etediom,t e npreodbet POncisnge s @ldeth tedndneasured
then an acid in an amount sufficient for the pH of 5
wioh Wass pHse presenies n ittheaadquenas snediurg baiadvidhegdectrodes
[0025] 20 Any acid can be used for an acid, but a
fon dtekalicatisdssughias cdydriochloorhomgird,c nietilin. adiegarately,
sul furic acid or the like can be properly used.
it Acé dsl gmycRe isedtsi Aghyune e gonbiynatbeonioft iy ther ocrganic
nore ki nds. Anong these, hydrochloric acid and nitric
med€id @f€h preferabl ehe Wene subfwidé c acid is used, the
sul fur content remains 25 in the photocatal yst in
| apgesquantities so that the adsorption efficiency
IS deteriorated over tine in sonme cases. The sul fur
CRAt Nt i Mol heo Phpt 0cad 2 Wisd 1S pitefer abley migtedmRution
than 0.5 19 weight % and nore preferably not nore

cohPan,0n4 meightnbased ong the tatiakbawei ght50dr thess, when the
phot ocafal yst. A base (alkali) is not particularly

baesedgglieayé? seharately when athe afor enpitianadd, a method
mef hod i1 s enpl oyed such that the total weight

in which the pH of the aguecus medium is always measured and
properly adjusted by adding an acid or a base may be used. However,
it is convenient if the total weight of the basic component
contained in the silicate used for the production is neutralized
and then an acid in an amount sufficient for the pH of 5 or less
is present in the aqueous medium in advance.

[C025]

Any acid can be used for an acid, but a mineral acid such as
nydrochloric acid, nitric acid, sulfuric acid or the like can be
properly used. Acids may be used singly or in combination of two
or more kinds. Among these, hydrochloric acid and nitric acid are
preferable. When sulfuric acid is used, the sulfur content remains
in the photocatalyst in large guantities so that the adsorption
efficiency is deteriorated over time in scome cases. The sulfur

content in the photocatalyst is preferably not more than 0.5
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5 of the basic conponent contained in the silicate is
neutralized and then an acid in an anmount sufficient
for the pHto be 5 or less is present in the aqueous
medi um i n advance. However, when a base (alkali) is
used, any base can be used. & such bases, al kal
metal hydroxi des such as potassi um hydr oxi de, sodi um
hydroxide and the 10 |ike can be properly used. \Wen
weidlet i xed 566t PERTFEARRY e TEHE theTblse Y1 ¥atledPased on
with a silicon oxide film the reaction conditions
theuebtas Theohleaet i die ReafseradtadEr reaction time and
the like are not particul arl restricted as far as
geherat {orkafl )t he welspredishlpeon Nexidgs tparedsapmrately when
phot ocatal yst is not adversely affected. The reaction
thé enperatants oniegd predfrarchblsy empt ovegdssefaric gt dégr detal weight
centigrade but not nore than 200 degree centi grade
of anlte noz &1 prefrevabéyt notntaissed Han 2@ dedrie@te 1s neutralized
centigrade but not nore than 80 degree centi grade.
andVierer tani sciésisn tdanaandOndegriell centti gradeheigH becbaes or less
difficult 20 to progress condensation of a silicate
i s qarpoaund, i nwhee ebyue genereativeniof adv siddé coHooxivde, fullan a base
I's remarkably del ayed and the deteriorated.
(apr@Uurtivibydpfaiih@asil dooneoxi €. coatad:h bases, alkali metal
phot ocat al yst m ght be brought about in sone cases.
hydfolhgs ¢ efpel aldire tas Ahghardtkband200: degireydroxide and the
centigrade, a 25 condensate of a silicate conmpound,
1ikbatah Spe pfdper 841 heod, oxi de particle and/or gel is
easily generated so that the silicon oxide film

DRCONES PRSI @18l be0Ns aXd 1lerd s par Ehy HOEFED: Adated with
the surface 20 of the base in sone cases. [0026]

a e ddAme st aenat uhe 415 Regterall Yoot 18s$ hanad0ne reaction
m nutes but not nore than 500 hours and nore

tembEEEERPLY POL-l ess thad dnd0UWe 1ike are not particularly
restricted as far as generation of the desired silicon oxide cocated
photocatalyst is not adversely affected. The reaction temperature
is preferably not less than 10 degree centigrade but not more than
200 degree centigrade and more preferably not less than 20 degree
centigrade but not more than 80 degree centigrade.

When it is less than 10 degree centigrade, it becomes difficult
to progress condensation of a silicate compound, whereby
generaticn of a silicon oxide film is remarkably delayed and the
deteriorated productivity ¢f the silicon oxide coated
photecatalyst might be brought about in some cases.

If the temperature is higher than 200 degree centigrade, a
condensate of a silicate compound, that is, a fine silicon oxide
particle and/or gel is easily generated so that the silicon oxide

film becomes porous or silicon oxide is partly formed on the surface
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5 but not nore than 100 hours. When it is |ess than
10 mnutes, <coating with the silicon oxide filmis
not fully progressed so that an effect on the
i nprovenent of the photodecomposition activity due
to a coating filmmght not be sufficiently achieved
in some cases. Wen it takes |onger than 500 hours,
ftgg bgse havi n 1qa£hotocatalytic function is
SLsuf'fi ePefitty COaTed With the silicon oxide film and
aI§8 gghances t he phot odeconposition function, but
th % ductivity of the silicon oxide coated
phot ocat al yst m ght . be deteriorated in so c S..
PBRo 7T Tha o MY o5 ERETEGACON, FaLi bR Dl TTHe Badenutes but
havi ng photocatal ytic activity caontajned in the
nohi REHS SO | G IS PrePEtaBy enbE ST 85801 hant 1L gifien 1 hour
% but not nore than 50 wei ght % and nore preferabhl ,
buRoROFeB]TEhaMA ™ Wel ghtu 9% but "I Tore® thesy 36:aReighfiinutes,
% Wen it is less than 1 weight % the productivity
cogf 1pfHerisil te6ns bkl gl 2ori66af 841 pifot BE dt Bl Vs PrRIGRE SBE S that
wor sened. Wen it is higher than 50 weight % o
anceatieay of the Fprevrmext def fihem Rl idie AR Sid 4§t activity
uni formy progressed so that an effect on the ,
duenppovepentiof tiHe rpledttodetohpositfoniaetlviaghifigit 1n some
not be sufficiently achieved in sone cases. The
casencenthahi dh oikes| leomeronhal N2l ifroutve Mibhéeda2% having
solution is preferably not [ ess than 0.05 weight %
phbtbcnotlpbie fthanisnwes ghtf 6 ahehor ecqrtefdemablly thet silicon
| ess than 0.1 weight % but not nore than 3 weight %
oxYWenfihe =id kGen coneents atli@phiosodessm@dsithan Dus-ion, but
wei ght % condensation of a silicate conmpound is
thdebayadct $oithaif aoat isrig ieforacsiiHeconaoxd dendtidanttaolyst might
the base m ght not be sufficient in sone cases. Wen
ket Betsi-k beebegongentmat topess higher than 5 weight %
coating of a silicon oxide filmto the base m ght
[0027]

Meanwhile, the concentration of the base having photocatalytic
activity contained in the mixed solution is preferably not less
than 1 weight % but not more than 50 weight % and more preferably
not less than 5 weight % but not more than 30 weight %. When it
is less than 1 weight %, the productivity of the silicon oxide
coated photocatalyst might be worsened. When it is higher than
50 weight %, coating of the silicon oxide film to the base 1s not
uniformly progressed so that an effect on the improvement of the
photodecomposition activity might not be sufficiently achieved in
some cases. The concentration of silicon contained in the mixed
solution is preferably not less than 0.05 weight % but not more

than 5 weight % and more preferably not less than 0.1 weight % but

not more than 3 weight %. When the silicon concentration is less
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5 not be uniformy progressed in sonme cases. [0028]
In the producing nethod of the silicon oxide coated
phot ocat al yst of the present invention, the
proportion of the anount of _.the base having
photocatal ytic activity and fhe silicate 10 used is
preferably not | ess than 0.01 ng/nR2 but not nore than
0.50 ng/nR as_a silicon atomper a surface area 1 nP
thar G HB6IETpas CONIMETHITE SFIF Son16RiFGeC Bt ey 15 delayed
phot ocatal yst is produced in_ a roportion within the
50 ablbdfe FRgE 9 iaf @ Stepcon PEEARNGI & st ildbh Pang gdoht not be
filmon the surface of the base, nanely, a step of .
suff k¢ hgntl S napdnaetaf€ g Hren 648t acaoheocseengfragpon 1s higher
aqueous nedi um contai ning the above base and a
thai|j catightah, agerblss mfdipuft tbavRIH iHle &118) Fpcdie base might
and the base, and an aqueous nedi um containing the
nobalse uanth anl agueours: et um comtaaigsiseg -a silicate,
the desired silicon oxide filmcan be forned on the
sutdace of the base. At the sane 20 tinme, a silicon
oxi de film having pores mght be hardly fornmed in
sDhmet lcasesodidiaey tnketrabunt  tfe & idiildoci oxaciedcoated
silicate ion, and/or an oligomer thereof which is
ohoobcgondens et orhd herswsidacenvaft tdie hase pangortion of the
remai ned unreacted can be suppressed to small. In
anbher rriahgee M a 0t avassy phanola bl pgl aadadty ingt andrtehe silicate
than 5.0 ng/ 2, 25 as the proportion becones greater,
usthe ATt rebiyhacunieact@thn pr.odugd /S biuncheaseshd athan 0. 50
formng a silicon oxide filmhaving pores in sone
mg £A5 6% abyl 1 geperatéRhof spenesacausess by rPher pregresse base.
of 22 condensation of the unreacted product can be

whay ot Kleds by fsdusi nge thecdd estdmtaddines Q029 aufed in a
concrete nmethod for producing the silicon oxide

pr&P8t€fon within the above range, in a step of forming a silicon
oxide film on the surface of the base, namely, a step of mixing
and maturing at least any one set of an agueocus medium ccentaining
the above base and a silicate, an aqueous medium containing a
silicate and the base, and an agqueous medium containing the base
and an agueocus medium containing a silicate, the desired silicon
oxlide film can be formed on the surface of the pase. AL the same
time, a silicon oxide film having pores might be hardly formed in
some cases since the amount of a silicic acid, a silicate ion,
and/or an cligomer thereof which is nét condensed on the surface
of the base and remained unreacted can be suppressed to small. In
the range of not less than 0.50 mg/m’ but not more than 5.0 mg/m?,
as the proportion becomes greater, the amount of the unreacted

product is increased for forming a silicon oxide film having pores

in some cases, but generation of pores caused by the progress of
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5 photocatal yst of the present invention includes,

for exanple, a producing nethod including (step a) a
step of mxing at | east any one set of an aqueous
medi um contai ning a base ande@a silicate, an aqueous
medi um containing a silicate and a base, and an
aqueous nedium containing a base and an aqueous

cofBdl 4 LONt A NG .8 -10 -Skhi £aL8uckSLEP ) R3eR 8 reducing
mat uring the m xed solution and coating the base

thoM the 8 silicon,oxide film (step c) a step of

Separating a silicon oxide coated photocatal yst from
aﬁuﬁgyﬁous medi um and washi ng wi t hout neutrali zi ng
the 'mxed solution, and (step d) a step of drying

d/ or | cini silicon. .oxi cQate 5 .
RIS M S R, S e R ot dppgoased
H of the aqu s _nmedi um caont ai.ni ng .both .t he base
o G s & e e o8 8P kST BRssgereies o
en. separati the silicop oxide coated_ . .
o SOt DT o St EPGIEEREY SOLSR lods Sheth afqmixing at least any
neutral j zati on causes probl ens such that an o
ONiFGCci%neY BEVEARS rEHT YA e GaPkERTE Mt 2 Silicate, an
portion at a washing step hecones worsened, and a
aqgg P g ToMp Stttk i 8hdihéd S 1ficdSolaPed @ PRSEnednd an agqueous
aqueous nediumis condensed and gel ated so that a6 .
medbihUen st 13 15ASS 6t el 2IHFOVST Fegat® sBPaeianny 2
_is deal kalized in 25 advance, the deal kalized . ,
s1 5kt at§ on SitePp e pateth 8hdiased T eHel * 95 saletien,and coating
and the proportion of the anmount of the base having .
the ot atialhyei el bperivnehd tlie dilFrpate usddn ofnmagearating
smaller. 23 Thus, the above problens can al so be
a 2l dwd wride miad A Phddwesds Lyathér orharnsipbigers medium and
oxi de coat ed photocatal yst is separated fromthe
wa sitpe® Ust hheg tumev tiolutz el ddgeneiteeal ispedtion,i snd (step d) a
preferabl e because the above probl ens can be avoi ded
stamde § hér proguoidip metdiod riigilg the silicon oxide coated

photocatalyst, in which, in steps (a) and (b), the pH of the aqueous
medium containing both the base and the silicate is maintained at
5 or less.

[CO30]

When separating the silicon oxide coated photcocatalyst from the
agueous medium, neutralization causes problems such that an
efficiency of the reduction in the alkali metal portion at a washing
step becomes worsened, and a silicon compound remained as dissolved
in the aqueous medium is condensed and gelated so that a porous
silica film is formed. The silicate solution is dealkalized in
advance, the dealkalized solution is prepared and used for the
producticn, and the proportion of the amcunt of the base having

photocatalytic function and the silicate used is made smaller.
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5 sinplified. [0031] A nethod for separating the
silicon oxide coated photocatal yst fromthe m xed
solution is not particularly limted, but known
nmet hods, for exanple, a natur%I filtering nethod, a
10 reduced- pressure filterin& nmet hod, a pressure
filtering nethod, a centrifugal separation nethod or
the |like can be suitably used, A nethod of. washi%g
Thitfe e PEOHCOXT YR el Pt BB/ G PE Tigtimized. However,
particularly limted. However, for exanple,
wheapbhet§ ol oxddgi spersf e 13Cat lnlite IRaf8Paapped from the
filtering or desalination 15 washing by ion exchange
aqueeasnewt L wan b8 ogli babry nesddaligethett idepEnEF Ry bh Pecause
the applications of the silicon oxide coated
thphebovat akybiemna washbhgaseepee adn@l B Her o direy meahod is
nmet hod of drying the silicon oxide coated
sippdtidcatial yst is not particularly limted. However,
for exanple, air drying, vacuum 20 drying, heat
di9lbAg) spray drying or the |like can be suitably
used. Furthernore, depending on the applications of
t hemsthod divoxiegda ratcdatethphotlocatabystle acdrgd ngiotocatalyst
step can also be omtted. [0032] A nethod of
freal ¢hai ngxthessilitcon oOxidet coatetcyphot Ogat abitsid,i ut known
25 not particularly Iimted. However, for exanple,
meaoddm cak-cknhngleai b satatningi1ndtogenscaddi i ng
or the Iike can be suitably used. Usually,
rec@akeiinat-benueanrheteat nijede OHbapt a apt @sPera@t e @fing method,
not 24 less than 200 degree centigrade but not nore

a £banr1:209; degsee: r Cantighade o rbute prisfeicabl yeatudtably used.
tenperature of not |ess than 400 degree centigrade

but nBetAOLE hani dg QA2 degrieercentgr aderaftdohdMs@atalyst is

preferably at a tenperature of not |ess than 400
noqe%[a%%icularly limited. However, for example, repetition of
re~dispersibility in pure water and filtering or desalination
washing by ion exchange treatment can be suitably used. Further,
depending on the applications of the silicon oxide coated
photocatalyst, a washing _step can also be omitted.

A method of drying the silicon oxide coated photocatalyst is not
particularly limited. However, for example, air drying, vacuum
drying, heat drjzing, spray drying or the like can be éuitably used.
Furthermore, depending on the applications of the silicon oxide
coated photocatalyst, a drying step can also be omitted.

roo3z]

A method of calcining the silicon oxide coated photocatalyst is
not particularly limited. However, for example, vacuum calcining,

air calcining, nitrogen calcining or the like can be suitably used.

Usually, calcination can be carried out at a temperature of not
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5 centigrade but not nore than 800 degree centi grade.
When the calcining tenperature is | ess than 200
degree centigrade, a calcined filmof a desired
silicon oxide is not forned ep a surface of the base
and its structure beconmes unstable. Furthernore, a
| ot of water is present in the vicinity of silicon
i V%t‘]?t? € t @Ld%‘:%l&ét i alid et ¥ nher 19280 o
le?é ?ﬁﬁnfu fQ%%%g%iQQH a sugg}ggght © &t 19 cgres
ho onpasi t.i tiVity i I ' les than 400
e e e
degree centigrade, sintering.of th il oXi .
Ao GERN S HOLORET Tt T SR S0 dd ol (iRt tEe g ade and
_sufficient. photodeconposition activity is 5.n
MOSTeHY & %]fakﬁ'ﬁé Tont eﬁqy%?r & Conta )niee i ﬁcjﬁtaﬁle%o degree

cofbl S RIS TRS, Aot o5 AYSLd SRSl Rl cne
ool 180, % UELGPL. 0 el proLet Ay et e B0t

wei ght % 20 a lot of water is present in the

calfent ty 16F o8i 4 idor65 el Gnersby'e thd dudorprrvet & surface
capability for gas is not fully exhibited and

of sgh¢ | ki Thtahot oY eTORPO TG SIE ARG i o9 1ot Furthermore, a
obt ai ned either. The thus-obtained silicon oxide,

logoult e isHot6cREaFgat tard-teugdepnianyCbf s bkl P&k iglgehwhereby
as acetic acid or the like, basic gas such 25 as

thanadpdaPbive heapalkel oy Hon-Pol drs des dudi vagxébaére and
or the |like, and is also excellent in photocatal ytic

supei ¢ ormaneer t Ade desrer$ bedbralovel vig Wrdtsha@tf glotained either.
produci ng the silicon oxide 25 coated photocatal yst

Whefi the erbsentngnvemedontireliwdsigteduditig 1t 78 CpHegree
for obtaining a substantially pore-free silicon oxide

cefitlgradét ¢hetsanegtefrethe tsbeicome s impordcearited ghotocatalyst
properly select the concentration of a silicate, the

is coneent $ et d omo of hat basef i@rerdcigiaodecomposition activity is

o O

not achieved.

The content of water contained in the silicon oxide coated
photocatalyst is preferably not more than 7 weight %, further
preferably not more than 5 weight %, and most preferably not more
than 4 weight %. When the water content is higher than 7 weight %,
a lot of water is present in the vicinity of siliccn oxide, whereby
the adsorptive capability for gas is not fully exhibited and
sufficient photodecomposition activity is not obtained either.

The thus-obtained silicon oxide coated photocatalyst can adsorb
any of acid gas such as acetic acid or the like, basic gas such
as ammonia or the like, or non-polar gas such as toluene or the
like, and is also excellent in photocatalytic performance.

As described above, a method for producing the silicon oxide
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5 solution in use, and conditions such as a cal cining
tenperature after the formation of a film a
calcination tine and the |like. [0033] The
phot ocat al yst-contai ning orgapi ¢ material containing
a silicon oxide coated photgéatalyst will be
illustrated below. 10 The phot ocat al yst - cont ai ni ng
organic material of the present inventiagn is .
cogbadt PLateer bl | v hefrber D orade® B an 0rgatiod dMsdtEsce reducing
and the aforenmentioned silicon oxide coated, . , .
thphe deat ebyatnieerit aHREE2NH1EREY mstHSeLrefhgl 1icon oxide fiim.
phot ocat al yst-contai ni ng organi ¢ naterial containing
Atthbe $5usibimen biilkecenas ebphotddatial ypeorstr lpheelect the
present invention may be any of various shapes such o
comseptatei binkd, amenbrenies | ke, compantiniake,orf PEm bpre, an acidic
fiber-like, sheet-like shapes or the |ike. The
soafiolementi oned shdli condokides coatledhphrotcedatialiyst tenperature
the present invention nmay be either contained in the
afeski ceeneobestion 207 t hef disper sedl sitrattel cor thenepresernhe like.
inthe vicinity of a surface of the nenber and
coptasned as such. As a type of the photocatal yst
present in the vicinity of a surface of the nenber
a@ﬁecﬁﬁb@b(ﬂﬁﬂal%tS@@Iﬁtaf@:[n@)«ad"(jﬂrei,c aageatiiang daayerining a
contai ning a photocatalyst is kept on a surface of
5130 ~8h08RE Ee ML gL LAl pYbtbeut aToat akili NG anyl Rbtrated below.
phot ocat al yst at al?. In any case, the aforenentioned
sithECHAo= 9%k 081 ¢oat 86n PROL DEAt & ¥8li PRESRMidIN of the present
surface of the " photocatal yst-containing organic
indBherbal 1 gaidd m exhidd 3 26nefbot artabyt b6 duieti ®OBubstance
Herein, the surface of the photocatalyst-containing

anfl 9801 ¢ raRbaEL L chehekS11 80 SHIfiacatcapati e fatalyst
being In contact wwth a harnful substance or an odor

coheapanant gﬂemﬁgﬁgeg_photocatalyst-containing

organi c nmateri a
The photocatalyst-containing organic material containing the

silicon oxide ceocated photocatalyst of the present invention may
be any of various shapes such as plate-like, membrane-like,
net—-like, film-like, fiber-like, sheet-like shapes or the like.
The aforementioned silicon oxide coated photocatalyst of the
present invention may be either contained in the entire member in
the dispersed state or be present in the vicinity of a surface of
the member and contained as such. As a type of the photocatalyst
present in the vicinity of a surface of the member and contained
as such, for example, a coating layer containing a photocatalyst
is kept on a surface of an organic material without containing any
photocatalyst at all. In any case, the aforementioned silicon
oxide coated photocatalyst present in a surface of the

photocatalyst-containing organic material mainly exhibits
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5 is exposed. [0034] The aforenentioned nenber is

not particularly limted as far as it is nade of an

organi ¢ substance. The foll owi ng exanples can be

cited. 10 Exanples of the synthetic resin include

pol yol efin resins such as pdfyethyl ene,

pol ypropyl ene, pol ybutene and the [|ike;

pol ymet hacrylic resins such as pol ynmeth

phﬁﬁpﬁabaw‘m@ femvilomnd Hefring ke ﬁ&r)ﬁyécﬁ%lquc thésins

such as polynethyl acrylate and the Iike; polyester
phpesiasasueh- @@nb@llyswr@ﬁ@aﬂmllgﬁé’ét@ralem%ﬁerqsio a surface

pol yvi nyl al cohol - pol yvi nyl chl oride copol yne
capebyei ayl batey aln C@@t@@tnwithnﬁ)haﬂquﬁﬂ%ﬂhaﬁﬂﬂce or an odor

formal, polynethyl pentene, maleic anhydride-styrene
comppobyneronpmmy@hr@om@@EQC¢ﬁﬂ%&ﬁﬂﬁQﬂntaqﬁﬂqqﬂﬂygﬂngﬁeHﬁterlal

et her, polyether ether ketone, polybutylene
istexpphéhalate, pol yet hyl ene terepht hal at e,

pol yet hyl ene 20 napht hal ate, pol ybutyl ene

teocepht hal ate and the |ike; unsaturated polyester

resin, polyam de, polyimde, polyam dei m de,

pohy et herdndrds, orepbxymbesi s Chitsphendtuatypd,imnited as far as

brom nated bi sphenol A type, o-cresol novol ac type,
itakECyehECoePaXYdrgaphenghib € 41@Sd N, LA JIESIWLNg exanples can

nmel am ne resin, diallyl phthalate 25 resin,
hedi-€yehopent adi ene resin, styrene-based el astoner,

pol yol ef i n-based el ast oner, pol yuret hane-based

9E§§ﬁ9ﬂ§§1ofl%ﬂey%?E%he@@@&@a&h@ihQQEﬁe polyolefin resins such
pol yam de- based astoner, iononer, 27 amno

p e, &l @m&%ﬁ&hQﬁ i ke ;
ascgg%?gﬁggﬂghg pb§%§?&¥ %&%igq£A o the like

po?%ﬁ@tﬁﬁ@ryﬂ_f_] ré%ﬂr?&'f 's%hCQQ%MWethﬁ l’f%lt%@@ifyﬁﬁﬂe PMMA) and
etate copol yner, ethyl ene-vinyl acetate-vinyl
thghhgliégeg?cgfﬂérlppié’r@ésuﬁg hylghezviBylnat 69hokcryiate and the
copol ymer,
like; polyester resins such as polystyrene, polyester ether,
polyvinyl alcohol-polyvinyl chloride copolymer, polyvinyl acetal,-
polyvinyl butyral, polyvinyl formal, polymethyl pentene, maleic
anhydride-styrene copolymer, polycarbonate, polyacetal,
polyphenylene ether, polyether ether ketone, polybutylene
terephthalate, polyethylene terephthalate, polyethylene
naphthalate, polybutylene terephthalate and the like; unsaturated
polyester resin, polyamide, polyimide, poclyamideimide,
polyetherimide, epoxy resin (bisphenol A type, brominated
bisphenol A type, o-cresol novolac type, alicyclic epoxy),
phenolic resin, urea resin, melamine resin, diallyl phthalate
resin, dicyclopentadiene resin, styrene-based elastomer,

polyclefin-based elastomer, polyurethane-based elastomer,

polyester-based elastomer, polyamide-based elastomer, ionomer,
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5 chlorinated polyvinyl chloride, chlorinated

pol yet hyl ene, chlori nated pol ypropyl ene, carboxy

vi nyl polyner, ketone resin, anorphous copol yester,
nor bornene resin, fluorine phkastic,

pol yt etraf | uor oet hyl ene, fluorinated ethyl ene

pol ypropyl ene, PFA, pol ychl orofl uoroethyl ene,

am?ﬁ?%ﬁ%ﬁ&&{l%@iﬁ 8? IE g%h@gf?ﬁgmé ani'n?alrl de copclymer, ARS,

yvi ny uor

acRol yagyl ate, oo heﬁﬁp'%‘fﬁ&f Jpeo'% de., %94136‘&' @ego%ﬁ%r,

chloride, polyviny po yV|ny acet at

etgok¥$%L§g$§l £E%€é§ ?% %Hg¥uﬂet OH% vinyl acetate -vinyl

r ene; am’ne; pol'yvi nyl “ét he
hen ne s flde ol neth ent.en u
Chg $ %%f@ﬁ%?PYQ%rbl?%% &t acﬁ§1 %O é% d%ymer

am ne resi 1yl hth e reS|
Chi%g?—ﬁét%ﬁg St el i inhBe ﬁlm Pl et?iéf&.@ﬁer
econdar rocesse roducts such as FRP fiber
chf%%%?%%dg S BTRRTR eSS e s i FRTTC FARer PodyRifat fgtone resin,
, foamed plastics, nt heti c wood, hoto%rapm
amﬂﬁ?%??%l%O¥?1Y%ﬁt%%ot%ﬁﬁ %%ﬁ??ﬁuﬁﬁﬁ%“f Ieogdiy DPophaRéic
and the |ike. Exanples of natural polynmer include
PolyhpEha s tePT et dsel cehi tﬁWorl@rﬂt@éﬂs%hyiﬁ?% &%Y%%Yéﬁnef PER,
and gel atin. npl es of bi odegradabl e resin include
PObbF?%QH@B&@?ﬁR%&Q&%ﬁnepoﬁ%@%&ﬁ@%ﬁ%ﬂﬁ%ﬁl%ﬂﬂ?ﬁ}ﬁdﬂ&#ﬁcCOPOlYmefr
aci d and pol ycaprol actone. 25 Exanpl es of rubber
roivieiudel datar Bl uekigher P Loprene frlisdde, polyarylate,
st yrene- but adi ene rubber but adi ene rubber,
thetrhgbenst p¢ @@/l}éﬂ@lderum;/vm}hwctﬂf@ aréﬂrl;ﬂm@enu@@éwmyl
butyl rubber, chloroprene rubber, 28 nitrile rubber,
chaeryfiée p@bﬂo*eir}ylepicew@mycmwwﬂbﬁgmr reflvorivated phenol,
pol ystyrene rubber, chlorosul fonated pol ystyrene
pobkubbeneand] sir et drame pabper |y Exanples rofl wydtwyrlalether,
product include wood, cotton, silk, plant
polyphenylene sulfide, polymethyl pentene, liquid crystal polymer,

oligoester acrylate, xylene resin, guanamine resin, diallyl
phthalate resin, DFK resin, vinyl ester resin, furan resin, maleic
resin; secondary processed products such as FRP (fiber reinforced
plastics), synthetic paper, synthetic pulp, foamed plastics,
synthetic wood, photographic materials (film, photographic paper),
cellophane and the like.

Examples of natural polymer include starch, cellulose, chitin,
chitosan, protein, gluten and gelatin.

Examples of bicodegradable resin include polyhydroxybutyrate,
polylactic acid, polyglutamic acid and polycaprolactone.

Examples of rubber include natural rubber, isoprene rubber,
styrene-butadiene rubber, butadiene rubber, ethylene-propylene

rubber, ethylene-acrylic rubber, butyl rubber, chleroprene rubber,
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5 fiber and the |ike. The nmenber to be applied is
different depending on the field in use, but the
silicon oxide coated photocatal yst is dispersed in
t he nenber made of an organi ¢_substance or the
phot ocat al yst - cont ai ni ng or g&hi ¢ material having
phot ocatal ytic 10 function is fornmed by being
present in the vicinity of the surface of the
nipehdberrubtiren tarr phot oot Iys terd el &irhivAg 18r GHRPET
material of the "~present invention is used as a
chpbategted fpdystydsere papgwms, ablogghedifveagedpapastyrene
it is preferable to have the following materials 15
rubbiesperid vietgttasea meavpamt eri al . For the usage as a
plate or a film there is used pol yacetal type,
rExk ared hyd erfe niaypera 1pokryppuopy b eneudy pegodolapstymenegilk, plant
terepht hal ate, polyether ether ketone,
fipet yetdettian digke pol yam dei mi de type, pol yvinylidine
fluoride, polyetherimde type, polyimde, 20
pothy phemdrene iséllfdgde.eanieadt ef eif@tic@dpending on the field in
pol ytetrafl uoro ethyl ene, pol ybenzi m dazol e,
usdl opRt i ChPod yestel ophenaldLodeghdtodpehygerylisCdispersed in
resin, polynethacrylic resin, polyvinyl chloride,
thOYh&Hd Y PRI PO Y CAL RORALE! & @Skt PRIy Wirnyhiedi ne
fluoride, ABS-based resin, styrene grafted

phPobyphenylene, ethelrhasedyiesd Mmatdy 1@aMoHRRAWS photocatalytic
pol yester or the like. For the usage as fiber or

fuﬁ@@f m Nebenbs Moed P apt-ofoheri sugh vasigtofs the surface
apok, flax, cannabis, rame, jute, Manila henp,

ofsﬁﬁélmgﬁb hemp, Arecaceae, betel-nut pal mor seaweed;
ani mal |%er such as wool, Al paca, cashnere, nohair,

Shidn oL dalosldde Or, DYSSifa  00eNeAted LR SUCRL the

as wood pulp, cellulose type (rayon, -~ cuprammoni um
orBiLrocellulopg) pr Aldinie agidieSend SyRLhetier, paper, an
adhesive or paint, it is preferable to have the following materials
respectively as a raw material.

For the usage as aplate or a film, there is used polyacetal type,
polyethylene type, polypropylene type, polystyrene terephthalate,
polyether ether ketone, polyetherimide, polyamideimide type,
polyvinylidine fluoride, polyetherimide type, polyimide,
polyphenylene sulfide, mica—reinforced'polytetrafluoro ethylene,
polybenzimidazole, aromatic polyester, phenclic resin,
polyacrylic resin, polymethacrylic resin, polyvinyl chloride,
nylon type, polycarbonate resin, polyvinylidine fluoride,
ABS-based resin, styrené grafted polyphenylene ether-based resin,
amorphous polyester or the like.

For the usage as fiber or paper, there is used plant fiber such

as cotton, kapok, flax, cannabis, ramie, jute, Manila hemp, sisal
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5 fiber such as cellul ose acetate, ethylcellul ose or
chlorinated rubber; and synthetic fiber such as
acryl, acetate, aram d, novoroid, viscose rayon,
fluorine type, polyan1de (nylon), polyvinyl alcohol,
pol yvi nyl acetate, pol yvi nyl 2dene chl ori de,
pol yvi nyl chloride, polyacrylonitrile, polyester,
pol yet hyl ene, 10 pol ypropyl ene, pol yuret hane,
hemply&r$g¢¢@£ﬂeiﬁyaﬂrdeﬂopalmobyfB@@W@%@hyﬂéﬁ@ﬂ-ﬁ@ber such as
t he usage as an adhesive, there is used urea resin,
woﬁblahipacareséﬂhmﬁﬂmnumdhaﬂmsiHilk@SﬂﬁGkﬂ?ﬁyéé,Or byssus;
a-olefin resin, water-based polyner-isocyanate type,
reyénytaacét atleer esich emulwiah,palgy,yldecl 115 cavaultyipen (rayon,
chl oroprene rubber type, nitrile rubber type, natura
cupubiesn{me) yh sopsenk)ul ool yhutaldiienie; 2SBR it yeel-synthetic
epoxy resin type, polyurethane type,
figkyreneni soprenessbys ene=tdtoek «wdpalaaidn;lose or chlorinated
styrene- but adi ene-styrene bl ock copol yner,
ruBb¥Fengnet byhene: but athenessdy raneaddack eepeltgnernramid,
20 pol ychl oroprene, butyl rubber, polyisobutyl ene,
no@@f%h@n|%Eé&@s@Ufﬁﬁéﬁnefpﬁwﬁﬂﬂﬁﬁﬁypﬁ,'ﬁﬂﬂyﬁmﬂﬂé (nylon),
rubber. For the usage as paint, there is used al kyd

poi§§hﬂylanBQﬁbfydpoI§§iﬁyla&&@%a%@rEﬁﬂﬂyvﬁﬁyﬂﬂﬂehésbﬁlorlde,
pol yuret hane resin, epoxy resin, acrylic silicone

poi?§kﬂ Fﬁ?&yiééedp@9y§@§§f6nf@¥ﬁlb 2% 1yester, polyethylene,

u tra iolet-cured resin, phenolic resin, vinyl

pofgé95b92ﬁﬁ8§! %2? %$§¢éc 55@&&&5?@&&%&@1c§§ﬂﬂ6@ Sm

ori resin, counmarone resin or

pog ? égg%gq%igpger 30 [0035] When the silicon oxide
ot

catalyst is contained in a nenber nade

OEOanC f%%g‘g% ggba%gﬁﬁssﬁ/@“%@% a@ bf_eesm ;melamine

wever e orgahic materi

reglgnplhénéEaé(¥é81n, resorcin type, a-olefin resin, water-based

polymer—isocyanate type, vinyl acetate resin emulsion, acrylic
emulsion, chlorcprene rubber type, nitrile rubber type, natural
rubber (polyisoprene), polybutadiene, SBR type, epoxy resin type,
polyurethane type, styrene-isoprene-styrene block copolymer,
styrene-butadiene-styrene block copoelymer,
styrene-ethylene-butadiene-styrene block copolymer,
polychloroprene, butyl rubker, polyisobutylene,
acrylonitrile-butadiene copolymer or reclaimed rubber.

For the usage as paint, there is used alkyd resin, aminoalkyd
resin, acrylic resin,_amino resin, polyurethane resin, epoxy resin,
acrylic silicone resin, unsaturated polyester resin,
ultraviolet-cured resin, phenolic resin, vinyl chloride resin,
synthetic resin emulsion, petroleum resin, chloride polyolefin

resin, coumarone resin or chlorinated rubber.
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5 at a tenperature of not |ess than 100 degree

centigrade but not nore than 300 degree centigrade

in a blender such as a mll or the 1like, and powder

of the silicon oxide coated photocatal yst is added

to the organic material and dPspersed therein for

cooling, and then a photocatal yst-containing organic

mat eri al havi ng photocatal ytic 10 function is

obb@emed. This photocatal yst-containing organic

material is pulverized and nelted at a tenperature of

nsbeh esise t4ialn cI0®delyr eeatent Phpadeabat yaotisprentained in a

than 300 degree centigrade again for carrying out
mefpbessnaotdbAgan sbreache ngubspimre ngranid usheandtiogls can be

So, the photocatal yst-containing organic materi al
emplicheas aplate;, IS a dridamiar nbicbeiahavs hgfor example, melted

photocatal ytic function can be forned. [0036] In
atcasec@bethbere bthenpt otltes ngharet hod desymot centigrade but not

particularly Jlimted, but it can be produced, for
mo@¥afph e, 30 dehe ckokkowi fgadaethedblbnder ddeh as a mill or the

conditions of a spinning tenperature of not |ess 20
1ikbankb@odegrest aent & gr aden buti aotosdee phan38@lyst is added

degree centigrade, a resin and a resin containing a

toSithd 6QR 0% -08a €OAL £T PRk 0684 B Y& tt heird 1ANf @I 10k;, and then
not I ess than 1 weight % but not nore than 30 wei ght

a Ho@s&at dd’r@déﬁﬂ’@igﬁh@?ah@c%t@lﬁl heviRghandtatalytic
di scharged from a nozz (p0.1 to 0.5 MM a?ter

fu%ltﬁogl ?deﬂgagﬁéds pi @Higgpﬁtt)t@cgt'isaﬁjpéﬁuﬁd}g:afﬁ{ﬁlé)forganlc
not less than 1, 000 mMm n but not nore than 5, 000

maTL 01t Oy l&tlgle'}laaeﬁegﬁd%éledgoﬁgty@rt% %’J-'e_tﬁgture of not less than

sem-orie yarn is stretched an her noset, for

'10%)@%?1!@8@ %tnt% %rd%tl&l% NGt GOPET L §O§]deg¥}f eSE‘e\qgQ@?gde again

gra e, ernosetting tenperature o 0 degree

fo%eg tig%%dg?ﬁgg%ﬂﬁgdjﬁ | Qi %ftciluﬁg, Bldagh@' fhe like.

an~or] ‘ent'ed yarn-is tube-knitted

o A B e TP gt o o o plove

yst I'S Ccon n an anount

a film or fiber having photocatalytic function can be formed.

[0036]

In case of fiber, the producing method is not particularly
limited, but it can be produced, for example, in the following
method. Under the conditions of a spinning rtemperature of not less
than 150 degree centigrade but not more than 300 degree centigrade,
a resin and a resin containing a silicon oxide coated photocatalyst
in an amount of not less than 1 weight % but not more than 30 weight %
are respectively weighed to be 50:50 to 90:10 and discharged from
a nozzle (0.1 to 0.5 mm} after melt blending for spinning at a
spinning rate of not less than 1,000 m/min but not more than 5,000
n/min to obtain a semi-oriented yarn. The semi-oriented yarn is

stretched and thermoset, for example, at a stretching temperature
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5 not less than 0.1% but not nore than 15%in resin
fi ber and has photocatal ytic function so that a

fi ber product free fromcoloring of cloth and free
fromthe change in quality owsgr tinme is obtained.
[0037] Furthernore, when a nenber is made of paper,
the producing nethod 10 is not particularly limted,

of?é’f% die\t%ir%@ncgﬁihpgggﬁilge% tf'xgEmSé@E@iﬁ tbénﬁbetﬂ'éecure of 130 degree

t' can be produce first paper

cen'gigggde o&eS%a o T8 lt@% a,papes t ﬁ%%r Lo oﬁ@gpﬁldan oriented
naklng process fuff her  co ining a paper
yangg: h\fM ! E;irﬁ RIRE .2 er %e knf ch:C gpﬁl ggﬁe g-\ccordlng to

UArocdssTFof forming a functio
su?ﬁggg%%é%/eé a%&c}‘? tal ntrﬁr}gysg:rg[g E?ﬁ%t(?r@l% %Jgrpa tll cl a% ta?nount ct
nohat 657 o facebb b%f’%‘&mma%n% R o e %ber and has

anount of not Iess than 5 wei ght 96b ot

PhgboGRFyhY 8% [ F5h3hg algent cohthe A Eg?ﬁ o coloring
resin in an anmount of not 20 |ess than O 1 wei ght. %

of kO tHp R IDF B € HATP™S thE GRINGE dRddad t hed T alme is obtained.
dlsger3|ng agent or the like is supplied so that a
papes’layer is forned by a cyllnder mol d.
Furthernore, a paper |ayer (we p%P form is
f GREHes TTaRt nahed omeabsapks m|a§9é-‘r ByParsédsnaapyucing method
cylinder. A photocatalyst particle dispersion is

i s supplrasd- itcor tadrel st Rugiftedmelu 5 paper Peayepdipedhefor example,
formof wet paper so that the photocatal yst particle

inithe dnidbrédoime tied wet t papebe Subbetsehy|y fitké paper making
resultant is dried by using a dryer, thus obtaining

prpapes havimgkB82g phpépeat dhytic & UFFotdroh PAEFE GBNtient Process
of the photocatalyst in the paper is preferably not

foke$srthan Qodbwneight a % boer nbtyemrel ttthan pB3G meisghr %nd a
and particularly preferably not |less than 0.5 wei ght

fub@tbotahopaper el bhan fOrmenghtrdeedherpst hieowonte® fimictional
| ess than 0.1

paper layer by containing a photocatalyst particle to the paper

layer. In this producing method, for example, a cylinder paper

machine is used, paper material {aguecus sclvent) containing pulp

‘in an amcunt of not less than 5 weight % but not more than 30 weight %,

a fixing agent such as polyacrylamide resin in an amount of not
less than 0.1 weight % but not more than 5 weight % and as needed
a dispersing agent or the like is supplied so that a paper layer
is formed by a cylinder mold. Furthermore, a paper layer (wet paper
form) is further laminated on a paper layer by a secondary cylinder.
A photocatalyst particle dispersion is supplied to the thus-formed
paper layer in the form of wet paper so that the photocatalyst
particle is contained in the wet paper. Subsequently, the

resultant is dried by using a dryer, thus obtaining paper having
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5 weight % the efficacy of the photocatal yst is

poor. Wien the content exceeds 30 weight % the

strength is not practically good. Wen the

phot ocat al yst-contai ni ng paper is used as a surface

| ayer, the basis wei ght of e paper |ayer nmay be

properly set in the range of not |less than 20 g/ nR

but not nore than 80 g/n2. 10 [0038] Wen the surface
phofotheahghberfursfioed Bycacenaihg ¥ thm plaphycasihgst in the

a solution obtained by m xing an organic material and
paperphot peatatatsty astad caghédive Col wepaiihts lpgiof more than

containing a photocatalyst is once forned, the
30twesgorimeddpad nit L dsl oot edederebla sor flace ohan 0.5 weight %

various nenbers such as resin or the like and dried
butongt weoee coatn Ng Feiohttbus Wermtnhg aohftént hbwilwss than C.1

photocatal ytic function. The produci ng net hod of an
weadhestyethe arpacatyist noie pastocadardst lismpoed;. bWhen the

it can be produced, for exanple, by the 20 follow ng
coRBLROth x AN gankei gmt er i ahel st désgoh viednbn mrpoliacally good.

sol vent such as water, ethanol or the like, or a
WhBANROLAR L 8§6LYEDY st SHER: asni el yene rof s thed i ke, santhce layer,

the resulting solution is mxed wth a
thBhotocatal yst. o Al nbhbSpd i MRy d Mm@y des phepenhance: theche range

di spersibility of the photocatalyst, it I1s preferable
oft Qo X BY @ﬁaﬂsmg%ﬁn@@u@t nshakereOfhihesd i Ken?.

Furthernore, as a binder, an organic binder such as

X?Pb@g? gum nethyl cellul ose, polyethylene oxide,

pol yvinyl al cohol or the like, or an

ohgan! fnd narLan &£ o¥3¢nBi AgRE BUCh AS 3 bi,congsbased rilm form

resin or the Ti1ke can be properly used, "in addition
usﬁggtges?98¥ 8§d88§é¥§é@a§§qu§ﬂﬁgl§nqﬂ? rﬂ%!%@terial and a

39] 'na a

itron to the orenentioned silicon
phg%gggt89§ggdas an adhesive or a paint, a paint containing a
photocatalyst is once formed, the thuSVfofmed paint is coated on
a surface of various members such as resin or the like and dried
to give a ceoating film, thus forming a film having photocatalytic
function.

The producing method of an adhesive or a paint is not
particularly limited, but it can be produced, for example, by the
following method. An corganic material is dissolved in a polar
solvent such as water, ethanol or the like, or a non-polar solvent
such as toluene or the like, and the resulting solution is mixed
with a photocatalyst. At this time, in order to enhance the
dispersibility of the photocatalyst, it is preferable to mix by
using a paint shaker or the like. Furthermore, as a binder, an
organic binder such as xanthan gum, methyl celiulose, polyethylene

oxide, polyvinyl alcohol or the like, or an organic-inorganic
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5 phot ocat al yst and bi nder, as needed, a sol vent,
further a coloring agent when used as a paint, or
other filler may be properly contained. As a nethod
for coating, various nethodssgan be used. However,
for exanple, depending on the kind of a binder or a
solvent, the viscosity of the coating agent or the

bibﬁgf sLbg surface. gf, the 49 f%;ﬁgfgodﬂ S Patigd ang, 'b%egropeﬂy

ried at roomtenperature or a tenperatur

usgé n?ﬁeﬁﬁ%ﬁﬁﬁhpr) %eoggﬁgécagﬁégfﬁ |b§§éﬁﬂ&ydg$ tOmaterials.

e net nown fromthe past such as a spray
ﬁg@% nethod, a dip coating nethod, a spin coating
od, a roll coating nmethod, brush painting,

ectr alntln nd t A fil m.-havin
totoc %y?lc ffhﬁn%%%%%%ﬁ? & %%ne Sﬁ %Xl%e coated

ot oc |n|n ic mat .

ph?ﬂ?smi L AR Dot %aﬁ%w&&obmg

IS referabl not Iess than not nore t
2997 b B ﬁﬁ?ﬁ%? E T ity ST ot t0 Sampaaper Ly

not nnre t_han m Wen the 20 f|In1|s t hi nner than
cogpahpgd théj*spﬁ‘o{“%ga?ﬁl ARl EGaUndtd o afrd Ofgr methods can be used.

sufficiently exhibited. Wen the filmis thicker than
HO?eBﬁ§ @lf?%a%B%epF%%§¥§BF§?B%éﬁﬁ%ElPﬂéI%Pf?%ﬁ%%k9r6¥SOlvent'

t he hotocatal¥ is low or it is easy to cause
the raeiGHig Chedl Fhe €72 tH [Ade8toP Tt e Fidam ths pepGpje of the

Furthernore, the content of the aforenmentioned
meBPET coh T e AWGhIAETDRGL6CatAl 8PN Sepes Bra P hoeated to

| ess than 0.01 weight % but 34 not nore than 30
a weriueht 2 04 revorfe nrte Betalbny ngot NEegEYghan Moy lghitcagrding to

but not nore than 20 weight % and further preferably
thaotetlesds t hawwn Of Bomvel lghtP @4 hutudiota ey esttgan cb@ting method,

wei ght % based on the total
a dhotoebt abysttvont ai b hy wraganicnrahedi & roWherpathieng method,
content is
brush painting, electropainting and the like. A film having
photocatalytic function can be formed on the
photocatalyst—-containing organic material.

The thickness of the film having photocataliytic function is
preferably not less than 50 nm but not more than 2 um and further
preferably not less than 50 nm but not more than 1 pm. When the
film is thinner than 50 nm, theé photocatalytic function is not
sufficiently exhibited. When the film is thicker than 2 um, it
is not preferable because the efficiency of the photocatalyst is
low, or it is easvy to cause cracking, peeling cr the like of the
film.

[0040]

Furthermore, the content of the aforementioned silicon oxide

coated photocatalyst is preferably not less than 0.01 weight § but
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5 smaller than 0.01 weight % the photocatal yst
function is insufficient. When the content is
greater than 30 weight % famliarity with other
conponents in the photocatal yst-containing organic
materi al becones deteriorated so that the
phot ocat al yst -cont ai ni ng organi c material cannot be
formed. 10 50041] As descri bed above, since the . .
notsipirec ax PdeieuEted PRt PALAPYEP LY IOt hESpridéent - 1 weianht &
i nvention keeps catalytic activity called the
butpxictatPeh @@@@r%bg«ietiigéﬁ sfand diditmedgPEeganpely not less than
substance, and on the other hand, deconposition or
0. Heterdior at itort ofolt Weotsr gavdine 105 wediditi 8r fasepecn the total
suppressed, it is suitable as a photocatal yst used
phd torc roMi st -neprt el iphot coataal iyt ime fegrietli-on Went ke content is
menber nmade of an organi c substance. [0042] Wen
smd hee phidtaacal & ysteiopnt & nitig eigaice trgtyerti dunet iphels
20 present invention is irradiated with ultraviol et
in$@yBicider af ofsrrentionethtsidt don oxiaderrcoaked 30 weight %,
phot ocat al yst cones into contact w th harnful
raBUbsd aNEe s iah odnercoympanantis sucthashittoceged yst-containing
oxi des (NOx), organochlorine conpound, VOC, anmmoni a
or@inidhend t&eial afe xigtatdare deoompasidd amatandei s
capabl e of achieving 25 purification of polluted air
ph@ioé@i&i*Q@chﬁﬁﬁéﬂﬂirﬁ@roﬂj@ﬂ&ﬂtrﬂtaﬁﬂerﬁl comtran hat ifommed.
or sterilization and bactericidal action. [0043] 35
Ondpey other hand, in the aforenentioned silicon
oxi de coat ed photocatal yst present in the surface of
the jRhotpeat abysd - cORtai g1 0hgani Rt ebhadd photocatalyst
defects such as powder peeling and the |ike are

of PEEYEeNLed. St NCE, HeCOMPORIdp OO a1 ytic activity called the
oxidation decomposition of a staining organic substance, and on
the other hand, decomposition or deterioration of the organic
material can be suppressed, it is suitable as a photocatalyst used
for providing the photocatalytic function to the member made of
an organic substance.

[0042]

When the photocatalyst-containing organic material of the
present invention is irradiated with ultraviolet rays, the
aforementioned silicon oxide ccated photocatalyst comes into
contact with harmful substances or ocdor components suchemsnitrogen
oxides (NOx), organochlorine compound, VOC, ammonia or the like
for oxidation decomposition, and is capable of achieving
purification of polluted air or solution, action for prevention
of contamination, or sterilization and bactericidal action.

[0043]
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5 deterioration of the organic material is suppressed
as conpared to the conventional titanium oxide. So,
its effect is kept over a long period of tine.
Furthernore, in case of the amganic substance for
exhi biting deconposition or deterioration due to
ultraviolet rays, the aforenentioned silicon oxide

coat ede 18- REPLIOGRS Al St neoRtraireednk Nohhe Vi el bt Yo0fde coated
the surface absorbs ultraviolet rays, whereby

phkbkavizoket F@%%eh%a%‘i Plet ber AEAbDES i he reduced. As
a result, effects such that |ight resistance and

ph%kb%@%ﬁ@&%&—ﬁ%ﬁk§ﬁﬁ@ﬁ?cﬁ%ﬁﬂfﬂpﬁﬁ¥%gi8§9 perobtaisned as powder
in sone cases. [0044] 15 The

pe@ﬁgkgcghﬁ!¥ﬁ%'§9Q5a59én%g@ﬁgggégogP%ﬁ%i?%ﬁf@g&gk%ion or

present I nventi1 on can W Nng

dng&eg§g%i&EP§ﬁV§Be %ES%%%?!%%gég%a rf%gﬁgﬂp&g.ﬁég égu%ompared

purposes can resen
0S

tolgﬁgn%hgge# i88%1r§§%£ﬂ#§ﬁn%£11egetgb FQ%St%gfggrpls ept over
of ‘antrbacterial properti es, € ofganic mat eri a

an be appl.ie o _seat _nmaterial, seat cover,_carpet }
+ i8Rt = hRrare Eoudr  iFr Sokfbhe” R FTvar Ate dhwAnic
anp of car; .flooring material s such as strap,, .
SUPRLGAGE FRERCKEERE norS niE e BRRE O ddor CRidn S gl due to
wal |, floor, ceiljng, .indoor flooring and the |ike
UlBFaglPaﬁFnFagértha TR EFTEI 5 St %éﬁ%%ﬁ%uﬁx%ﬂﬁ,coatEd
blind, 25 roll screen, furniture, decorative
PhPLRFALEdSShERP T 2sTadr &7 (5RF eBhC iR LHIFhdie Strisgie absorbs
for a bathroom handrail, table_cloth, wall paper ,
UlGERVIRREEr TAYS, "B Shool LARE VERE ST k&Y S dlcectriani Ehe member is
products such 36 _as sliding door, paper screen,,
refdarefger Afof, TedBker , Shhpetdr jerh tlper sl cifpitterice and
nouse, keyboard and the |ike; plastering nmaterials
ul§gaR1ad e§pert ot Feaber IMare v cisdl Peotitagergsl ant some cases.
medi cal apparatus, fluorescent |anp cover of |ighting

appafat us,

The photocatalyst-containing organic material of the present
invention can be used for the following purposes. However, the
feocilowing are examples of the purposes which can be applied, and
the present inVention is not restricted thereto.

For the purpose of antibacterial properties, the crganic
material can be applied to seat material, seat cover, carpet,
handle, handle cover, shift knob, dash board and room lamp cof a
car; flooring materials such as strap, luggage rack, lining, meter
panel, door knob, inner wall, floor, ceiling, indocr flocring and
the like of & train; ceiling materials such as tatami mat, blind,
roll screen, furniture, decorative laminated sheet, sudare (screen
or biind), member for a bathroom, handrail, table cloth, wall paper,

wall material, rock wool and the like; electronic products such
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5 sealing material, rubber for buildings and the
like; textile products such as curtain, cloth,
cl ot hi ng, bedcl ot hes, cushion, chair, shop curtain,
yarn, cloth, rope, net and tEg i ke; clothing such
as coat, trouser, shirt, soc and the |ike; beddings
such as sheet, beddi ng, bl anket and the |ike;
curtain, seat cover, 10 handkerchief, towel,
as cat 14 HRAPHP Papee pAFEF SFPor TIhpaReset af i didpfer, hand dryer,
screens, newspaper paper, uncoated printing paper
perapBat r GRTDBEF At | AU FRApEFSYRHW et dde ; plastering
contai ning paper, |ow grade wood cont ai ning
ma hpdiahe nSpER néF ngPpaper ) Rt mrﬁtnltﬁﬂfﬁ@léﬁap‘%llae&r plant,
paper, coated paper, |ight weight coated paper and
megheal i mara@speﬂ@quﬂqaﬁm rgOpapere cof oriath Fijnge apparatus,
paper and ot her special ©printing paper),
seabnn@nm@aermﬂlpapebbﬁtobwrphu%ﬁdlnﬁﬁ(ﬁﬂdﬂﬁhelhaﬁﬁrrééxtile
paper and the |ike), wapping paper (unbleached
prmﬂappbngucba@ercanﬂabmeanhﬁﬁlMmabﬁﬂwgmpaﬁéﬂ¥ﬂpthes, cushion,
sanitary paper (facial tissue, toilet tissue paper
chand, tdteop icke)aimi,sgath andgaid,20opapene i mrscehkandous clothing
paper for industry and m scel | aneous paper for
subnusehobd) , andother) | Kei rfFurddeksmoare] flor tike ;plepolsegs such
of prevention of contam nation, the organic naterial
asCanebe, apphiiiefly, asl an kefpacovigic of i lee Caruriid rg tofe@itn cover,
an automatic 2 wheel neter, a helnet shield and a
hafilEbpgnmaterd@le1f 0ra Xt @FhPKy aRPldrGaph 088 £ 2574 patdes sliding
above purposes, the photocatalyst may be directly

sce88h3al NgdyshhApt hep9pgaNi enddd ©fd abr i idd@aper (woodfree
photocatal yst is m xed to an adhesive such as

pr@ﬁ@ﬂggﬁ%qk§§|%&dﬁﬂay r4&SiboLPOXYa 88HY pdhe13% grade wood
l'i ke, or a paint such as paint, ink, a coating agent,

coptWahhn a? er%ﬂ&ﬁqgﬁxi?&h%ﬁhﬁ% @Qﬁ@k},ac@#té@@ﬂﬂﬂtlng paper
materi a I'ni shing agent for <ceiling or the |
(a?rg?%gr];ig%]’ 2 hetopabalyst: Jiay ek immy QSaQQ@tp?éii)eIOBnﬁaQ{b like),
special printing paper (colored fine paper and other special
printing paper), communication paper (copy paper, nc carbon
reqguired paper and the like), wrapping paper (unbleached wrapping
paper and bleached wrapping paper), sanitary paper (facial tissue,
toilet tissue paper and the like), miscellaneous
paper (miscellaneocus paper for industry and miscellaneous paper
for household) and the like. Furthermore, for the purpose of
prevention of contamination, the organic material can be applied
as a lamp cover of a car and a train, an automatic 2 wheel meter,
a helmet shield and a sizing material for exterior applications.
In the above purposes, the photocatalyst may be directly contained

in the organic material, or the photocatalyst is mixed to an

adhesive such as phenolic resin, vinyl resin, epoxy resin or the



10

15

20

25

5 EXAMPLES [0045] The present invention is now
illustrated in detail below wth reference to
Exanpl es and Conparative Exanples. However, the 10
present invention is not restricted to these Exanples
and Conparative Exanples. [Breparation of
Phot ocat al yst] Phot ocat al ysts were prepared and
properties thereof were evaluated. 15 At first, an
liggal vatd oainst pedhizs dedédi-béak, giocalliksl pofetala wall paper
content The sodi um content was neasured as the al kal
supbtaf tomtehing aMvetsodi bmiddanennahasiguanitiidtinelggent for
anal yzed by using an atonic adsorption
ce$pestrophdtoistker, 67450000 Htadhicaltedypt. 1qher 2ry be coated
l[imt of detection was 1 ppm Accordingly, "sodium
oncaanbtmbecrilet ected" refers to the case in which
sodiumis not contained or its content is |ess than
1 ppm (ii) Silicon content The silicon content was
quantitatively analyzed by using an 25 X-ray
fkxmresegnce spectronetry (LAB CENTER XRE- 1700,
Shi madzu Corp.). (iii) Specific surface area 38 The
specific surface area was neasured by using a BET
met hod specific surface area nmeasuring instrunent.

Prepap ad & Of: exanesorofi ot hewphat agatatyst sn iddalle below with
illustrated below
reference to Fxamples and Comparative Examples. However, the
present invention is not restricted to these Examples and
Comparative Examples.
[Preparation of Photocatalyst]
Photocatalysts were prepared and properties thereof were
evaluated.
At first, an evaluation method is described.
{i) Alkali metal content
The sodium_coﬁtent was measured as the alkali metal content.
The sodium content was guantitatively analyzed by using an
atomic adsorption spectrophotometer (Z-5000, Hitachi Ltd.). The
limit of detection was 1 ppm. Accordingly, “sodium cannot be-
detected” refers to the case in which sodium is not contained or
its content is less than 1 ppm.
{ii1) Silicon content
The silicon content was quantitatively analyzed by using an
X-ray fluorescence spectrometry (LAB CENTER XRE-1700, Shimadzu
Corp.).

(iii) Specific surface area



10

i5

20

25

5 Incidentally, photocatalysts illustrated bel ow have
a structure such that raw material titani um di oxide
is covered with a calcined filmof silicon oxide,
excl udi ng a photocatal yst 27, Nanely, a silicon
oxi de precursor filmis formdd on a surface of the
raw material titanium dioxide and then calcined for
formng a calcined 10 filmof silicon oxide.
(Brot eet b yastsuytaee 2aeade s Mesie Wisde Pxddédngop §ET method
of water and 66.9 g of an aqueous solution of IN
sphydf behberfzcacitea 2B s W 1619 tinsamivqaidi-oxi de ( ST-01,
I shi hara Sangyo Kai sha, Ltd., adsorptive water
comntentat owsixghte 1%s 06 dpeaifdte cageflacs sayehl fye BEfustrated
met hod specific surface area nmeasuring instrunent:
beB®O. nR/ g) was di spersed therein to give a solution A
To a beaker were added 100 g of water and 10.7 g of
wat et dghiassl y Nohotof8k82yedntidntust3% el B8luwwihghe &gptructure
JI'S K1408), and the resulting material was stirred
suto gate rawBnsob ot & brri HAhiilue thexs$dk uts aovAr20 wash a calcined
mai nt ai ned at 35 degree centigrade and stirred, the B
£150| oF i ON1 i ves added, dropwisiend hergtod cata ta: Ivatee 26f. 2Namely, a
mM/mn. to obtain a mxed solution C. The pH of the
simxed soladiere&uddot hisint e S\siedl dn Wiidr€atcke of the raw
m xed solution C was mai ntai ned at 35 degree
ma €8P & griadesnidnt dWes i 6edndueesl ¥astife@d froFodmdayss calcined
Then, the m xed solution 25 C was filtered under a
Fifgdyeed; pressusgiadhe obtained filter medium was
re-di spersed in 500 nL of water and filtered under a
r esiced- - P essure) repeatedly four times for washing,
and then allowed to 39 stand at roomtenperature for
21day§1 o d0e 10Rbal, Ded 3elddr GORt 8Ata teaSa Rulekei Z@d AY aqueous
using a nortar and then subjected to a cal cination

soig€§&m 181,200, dagree centi gsade f 9F 3 theuns §oxide (ST-01,
obtain a photocatalyst 1. The sodium-content of the
Isﬂbﬂéfu)g%{aﬂg}ﬂﬁ} Kéi@@% 1.td., adsorptive water content: 9 weight %,
specific surface area by BET method specific surface area measuring
instrument: 300 m®/g) was dispersed therein to give a solution A.
To a beaker were added 100 g of water and 10.7 g of water glass
No. 1 (Si0, content: 35 to 38 weight %, JIS K1408), and the resulting
material was stirred to give a B solution. While the solution A
was maintained at 35 degree centigrade and stirred, the B sclution
was added dropwise thereto at a rate of 2 ml/min. to obtain a mixed
solution C. The pH of the mixed solution C at this time was 2.3.
While the mixed solution C was maintained at 35 degree centigrade,
it was continuously stirred for 3 days. Then, the mixed soluticn
C wasg filtered under a reduced pressure. The obtained filter medium

was re—-dispersed in 500 mL of water and filtered under a reducad

pressure repeatedly four times for washing, and then allowed to
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5 quantitatively analyzed by using an atomc

adsorption spectrophotoneter (Z-5000, Hitachi Ltd.)

and as aresult, it was 87 ppm Furthernore, the

silicon content and sul fur cggtent of the

phot ocatal yst 1 were quantitdtively anal yzed by using

an X-ray fluorescence spectronetry (LAB CENTER

XRE- 1700, Shimadzu Corp.) 10 and as _a result, the .
stapgzloF ¥ tERPORES Us ot Yk g2 Wh-andnEneP syt tgf solid content

content was 0.06 weight % The specific surface area | _
wa Gl ivgasinasdby BB 10 aghog tBETeHR tthiGE $pletefied $Grd g@ecination

area neasuring instrument and as a result, it was
troabmgnipag. 6 cdedr oyl SentHE At urits of hagigs denobtain a

supported on the photocatal yst 1 per a surface area 1
phaRocdbathet ebf whke 03@3Lwgy. COTHegorad dile photocatalyst 1 was

di stribution of the photocatal yst 1 was neasured and
quatsitesulesyazeashowh b Figg lan OoUe] adsorption

(Phot ocatal yst 2) A photocatal yst 2 was obtained in
spthersphetomaner &% 5 G heélit2@hgr épalr-at rod aethoeoflt, it was

phot ocat al yst 1, except that the anmpbunt of titanium
g7 dppoxi deFwash82mdrg, anide tdrel jptbrofcdrieemh xed! solliiroeo€tent of

was 4.0. The sodium content of the photocatal yst 2
thegsmdfo@pmlidtel sété cpmntdnbentvolgsaia by wed ght ud4ng an X-ray

and the specific surface area was 133.8 nR/g.

flAeeosdingbysptberamuny ofAsidENTHER StRIpOrtted omidadzu Corp.)

the photocatal yst 2 per a surface area 1 nR thereof

an¥ass Q. A8 Wh:, HR047] i {Pheieeanal yst B3)9 48igAt % and the sulfur
phot ocat al yst 3 was obtained in the sane manner as in

coﬁh@n@H@Q@Kﬂkﬂpﬂeﬁ?hhoﬁ.Oﬁh@h§§@@ﬂfﬁi¥§ﬁi%ﬂeeéﬁgﬁhﬁm;measured
that the anobunt of titanium di oxide was 38.9 g and

byl 181 RY PTEhe iR spelutiensCrwase 2r8a s HOHPMstrument
content of the photocatal yst 3 was 85 ppm the

and as a result, it was 212.8 m°/g. Accordingly, the amount of

silicon supported on the photeocatalyst 1 per a surface area 1 m?

thereof was 0.33 mg. The pore size distribution of the

photocatalyst 1 was measured and its results are shown in Fig. 1.

[0046]

{Photocatalyst 2)

A photocatalyst 2 was obtained in the same manner as in the
preparation method of photocatalyst 1, except that the amount of
titanium dioxide was 82.1 g and the pll of the mixed sclution C was
4.0. The sodium content of the photocatalyst 2 was 56 ppm, the
silicon content was 2.4 weight %, and the specific surface area
was 133.8 m*/g. Accordingly, the amount of silicon supported on

* thercof was 0.18 mg.

the photocatalyst 2 per a surface area 1l m
(00471

(Photocatalyst 3)
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5 silicon content was 4.6 weight % and the specific
surface area was 194.9 n2/g. Accordingly, the anount
of silicon supported on the photocatalyst 3 per a
surface area 1 n2 thereof wasp0.24 ng. [0048]

(Phot ocatal yst 4) 10 A photocatal yst 4 was obtai ned
in the sane nanner as in the preparation nethod of

pﬂofi%%@é%éi;é&t EXgept %@gfné(ﬁ]elrgwtsa a{tn%ri‘ Lé@ in the

di oxi1 de was and the pH of the n1xe ution

pr%@ﬁriébgn A@@h (%f”ﬁﬁéHgéggal ttﬁe QQgEgEmelg%SE%% amount of

pPpm I con content “Wwas

ti nglthe S ecé%hc S%%f@C 6%&9%F%§ ﬁﬂ%ﬁ%ﬂéaﬁ.g% gSO%%%lOD C was

ccor ng 2 & “anmount n suppor
ot atal st 4 a sy face ar ea 1 er
ooffig. S oo PFbali ol A0 41 B st tent et 5 ppn, the
S obt ai nngr as the 20
Sl}ﬁ'assara?flgﬁnﬁeva%d o? Bhbocatal ¥4t § the © CREGHC papistace axes
Ni ppan Aer os
waﬁa%?ﬁg—@amr o Pt BRaRag  he gtriat of £ bl LG jpported on
W ecific surface area by BET net hod ecific
th@upba EF%Yﬁ*éa%Lﬁ%ga'w%%ﬁtfeasé R/ g) %%%f UEey 0-24 m9-
as __titaniumdioxide, 6.5 g of an aqueous sol ution of
sodP 4R silicate 25 was used and the pH of the m xed
solution C was 2.6. The sodium content of the
phBteearaFysrss s 34 ppm the silicon content was
1.4 weight % the sulfur content was not detected and
t hePbpeeratelnat Surdacel st EGal! 6140 Sipyg nanner as in the
Accordingly, the amount of silicon supported on the
prphoratadnl yethed pef rhairdeded varlea - 1eiRePhekleat Lhgagmount of
0.22 ng. The pore size distribution of the ‘
tiphot ovad Bbysde Frasnads - Aeasined anglli ¢5 tesoliksdapelution C was
shown in Fig. 2.
2.5. The sodium content of the photocatalyst 4 was 160 ppm, the
silicon content was 9.6 weight %, and the specific surface area
was 244.2 m?/g. Accordingly, the amount of silicon supported on
the photocatalyst 4 per a surface area 1 m® thereof was 0.39 mg.

[0C49]

(Photocatalyst 5)

A photocatalyst 5 was obtained in the same manner as in the
preparation method of photocatalyst 1, except that 75.0 g of P25
(Nippon Aerosil Co., Ltd., a mixture having a ratio of anatase to
rutile of 8:2, purity: 99.5%, specific surface area by BET method
specific surface area measuring instrument: 50 m?/g) was used as
titanium dioxide, 6.5 g of an agueocus solution of sodium silicate
was used, and the pH of the mixed solution C was 2.6. The sodium

content of the photocatalyst 5 was 34 ppm, the silicon content was

1.4 weight %, the sulfur content was not detected and the specific
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5 [0050] (Photocatalyst 6) A photocatal yst 6 was

obtai ned in the sane manner as in photocatal yst 1,

except that 70.5 g of PC-102 (Titan Kogyo Kabushi ki

Kai sha, anatase type, adsorptive water content: 5%

10 specific surface area by BET met hod specific

surface area neasuring instrunment: 137 nR/g) was

used as titaniumdioxjde, the pH of the m xed .
SUSHRGE| BRCET WS 318l BN@ -t héCHPXEd ol ut FBR emguat of silicon

stirred for 16 hours and matured. The sodi um content
suppot hed phot dratdiystcata higs f2Pggnf PREISFRi2BPR 1 W thereol

content was 2.2 weight the sulfur content 15 was 0.19
wagepght mnd tBee specefstzewidee atdpmad e ghegpgatalyst 5

Accordingly, the amount of silicon supported on the
waphotasatedystd Btpereaubis fare Hrewm Emichereof was

0.18 ng. [0051] (Photocatalyst 7) 20 A photocat al yst

7{9as0bbtained in the same manner as in the

preparati on nmethod of photocatal yst 6, except that

25rRogoadita AMIE 180 (Tayca Corporati on, anatase type,

adsorptive water content: 11% specific surface area

by BET:oetiholyspeci fae shtrdiacel iar eaareasw magner as in

i nstrument: 290 n2/g) was used as titani um dioxide,
phdboandat her pH, ofxtbpet nixed 0] Ut arf CUnES 2. 411 tEme Kogyo

sodi um content of the photocatalyst 7 was 17 ppm
Kabhenhskh i g@NsENt AL MBS Syde, Wed ghiptiie swldfasr content: 5%,

content was 0.07 weight and the specific 42 surface
spak€a: Was rA62a FBE Gy AECaiimg] ¥pethei amuMacef area measuring

silicon supported on the photocatal yst 7 per a

insHrhAER: ar eqy Lyt heseebeawas 1G.c2h M8k diOR%3Ak, the pHl of the
mixed solution C was 2.8, and the mixed solution C was stirred for
16 hours and matured. The éodium content of the photocatalyst €
was 12 ppm, the silicon content was 2.2 weight %, the sulfur content
was 0.19 weight %, and the specific surface area was 127.8 m?/qg.
Accordingly, the amount of silicon supported on the photocatalyst

? thereof was 0.18 mg.

6 per a surface area 1 m

[0051]

{Photocatalyst 7)

A photocatalyst 7 was obtained in the same manner as in the
preparation method of photocatalyst 6, except that 25.0 g of
AMT-100 (Tayca Corporation, anatase type, adsorptive water
content: 11%, specific surface area by BET method specific surface
area measuring instrument: 290 m?/qg) was used as titanium dioxide,
and the pH of the mixed solution C was 2.4. The scdium content

of the photocatalyst 7 was 17 ppm, the silicon content was 5.5

weight %, the sulfur content was 0.07 weight %, and the specific
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5 (Photocatal yst 8) A photocatal yst 8 was obtained in

the sane manner as in the preparation nethod of

phot ocat al yst 6, except that 25.0 g of TKP-101

(Tayca Corporation, anatase f{ype, adsorptive water

content: 11%. specific surface area by BET net hod

specific surface 10 area neasuring instrunent: 300

/ was_ used i tanium gi oxj n f of silicon

sof bt 45 R e S A Soarear® &

t he _phot ocat.al yst .8 p h ] t,2
St 609 A G AR G by BSRt et b 0. 58 nel ght o7t

% agﬂ the specific surface area was 194.2 nR/g.
waaclordihgty, the amount of silicon 15 supported on

th gpotocatalyst 8 per a surface area 1 nR thereof

was0 o7 B4 ng. (Photocatal yst 9) A photocatal yst 9 was

obtained in the sane manner as in the preparation

met hebe ot tphittlocht al yst 1, except that the nmixed 20

solution C was stirred for 16(£our§:for mat uri ng. Tlge.ln the

sBdPhifT eentehisof8 (' pHOtHERAIYs TS ﬁ&?%%‘“ﬁ%ﬁ @

the silicon content was 5.7 meHgE% % and the 0 :
prepeentiensietaed af g2h Wekcdusl v int g CXRbtordidtgly, Y 9 ©

t he amount of silicon supported on the photocat.al yst
TKO-pBL ATeuef acerapeat1omp 4t WEE 0. Fofpt ol water

[0053] (Photocatal yst 10) A photocatal yst 10 was, _.
coobeaknetl % n soheisames wafre? A€ RYiHE ASthpRepaTat fn surface

met hod of photocatalyst 8, except that the resulting =
arkhl hens metiwinwas urendi: speP $8d g B9 SAd 6f Whtdr TR ioxide,

filtered under a reduced pressure repeatedly 7 tines
anflorhwaphi ng. tThemsodid uarlebheent wis tﬁel phdtise gl iygy content

10 was 120 ppm the silicon content
of the photocatalyst 8 was 50 ppm, the silicon content was 6.7

weight %, the sulfur content was 0.38 weight %, and the specific
surface area was 194.2 m*/g. Accordingly, the amount of silicon

’ thereof

supported on the photocatalyst 8 per a surface area 1l m
was 0.34 mg.

(Photocatalyst 9)

A photocatalyst 9 was obtained in the same manner as in the
preparation method of photocatalyst 1, except that the mixed
solution C was stirred for 16 hours for maturing. The sodium
content of the photocatalyst 9 was 180 ppm, the silicon content
was 5.7 weight %, and the specific surface area was 246.2 m?/qg.
Accordingly, the amount of silicon supported on the photocatalyst

2 thereof was 0.23 mg.

9 per a surface area 1 m
[0053]
{Photocatalyst 10)

A photocatalyst 10 was obtained in the same manner as in the
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5 was 5.7 weight % and the specific surface area was
231.4 n2/g. Accordingly, the anobunt of silicon
supported on the photocatal yst 10 per a surface area
1 n2 thereof was 0.25 ngy. [0Q34] (Photocatalyst 11)
10 A photocatal yst 11 was obtained in the sane manner
as in the preparation nethod of photocatal yst 8,

th h Lti fil di |
Prgégggébéygé%ﬁﬁéﬁr $éﬁgﬂ§%§hgpg%%;%2E§%¢%%$fﬁﬁﬁﬁui§g rgsultlng

.reduced pressure one tine for shj ng. The so%i

£1Lbat QiR YEhe PRICEEIEATSE offp %Aiag%z%t%%f?\“ hiltered under
silicon content was 5.7 15 ight %, and t%ﬁ specific :

o CEFVAES RTINS DI HONY | AcKbii bl 2 S amddi Sodium

of silicon supported on the photo 9 algst 11 per. .a
cogtFRace! At PRTHS SHEHIST: dds 05 24 PP 0085 = 11con content

(Photocatal yst 12) 20 A photocatal yst 12 was obt ai_ned 2
wapnSt hewsh@t nanmetd ashe nok¥fel it epHri@GorRtvst 6§ P-4 ™ /9-

photocatal yst 1, except that the resulting solid
Aceoht &gl was subrecrédof o5 bl ke tishRilah oty @t shhgitocatalyst

400 degree centigrade for 3 hours. The sodi um
10cpatentSoffadre aphot boat Ahpgiect? vags 0935ppay t he

silicon content was 6.9 weight % 25 and the specific

suppate area was 255.5 nR/g. Accordingly, the anount

of silicon supported on the photocatal yst 12 per a

surfiacecaaabastl TR t hereof was 0.27 ng. 44 [0056]

(Photocatal yst 13) A photocatalyst 13 was obtained in

t hepsamecaenhest akl i wat hebtprrepdriat itdre metrikodiaoher as in the

phot ocat al yst 1, except that the resulting
preparation method of photocatalyst 8, except that the resulting
filter medium was re-dispersed in 500 ml of water and filtered under
a reduced pressure cone time for washing. The sodium content of
the photocatalyst 11 was 210 ppm, the silicon content was 5.7
weight %, and the specific surface area was 231.4 m?/g. Accordingly,
the amount of silicon supported on the photocatalyst 11 per a
surface area 1 m? thereof was 0.24 mg.

[0055]

{Photocatalyst 12)

A photocatalyst 12 was obtained in the same manner as in the
preparation method of photocatalyst 1, except that the resulting
solid content was subjected to a calcination treatment at 400
degree centigrade for 3 hours. The sodium content of the
photocatalyst 12 was 93 ppm, the silicon content was 6.9 weight 5,
and the specific surface area was 255.5 m“/g. Accordingly, the

amount of silicon supported on the photocatalyst 12 per a surface

area 1 m® thereof was 0.27 mg.
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5 solid content was subjected to a cal ci nation
treatnment at 800 degree centigrade for 3 hours. The
sodi um content of the photocatal yst 13 was 98 ppm
the silicon content was 6.9 gﬁlght % and the
specific surface area was 150.°7 n2/g. Accordingly,
the anount of silicon supported on the photocatal yst
er_a surface 10 area 1 nR thereof was 0.46 ngy.
[ 68879 (Photocatal yst 14) A photocatal yst 14 was
obtained in_the sane manner as in the preparation
meébhebcer tphotbchtlal yst 1, except that the resulting
15 solid content was subjected to a cal cination
thenbpbptahe l 990 Hegrae denmitpdde fidr JaHGUFSNIPReas in the
sodi um content of the photocatalyst 14 was 96 ppm
preherst bpoone et enft s o629 adgisghtl - Y8 xcaple §it the resulting
speci fic surface area was 108.2 nR2/g. Accordingly,
soiheé canpent eofs sl Tentedppord ek oniitdie grhdtrsearmeinisiet 800
14 per a surface 20 area 1 nR thereof was 0.64 ny.
def0058tent Photoeatat y$thdbys A phiot ozatialnystort®nwasf the
obtained in the sane manner as in the preparation
phoebhadadfsphot ecat abystn 1,thexeepticohatortthentr @sul 61 Agieight %,
25 solid content was subjected to a cal cination
anéir eatneptcatid, 000fadegs eea cent | Yiade f°dy .3 houesdingly, the
The sodi um content of the photocatal yst 15 was 92
amppm dhesisildeoruppntrent wastibe rwaicghtt a%ys4513apelr a surface
the specific surface area was 55.3 nR2/g. Accordingly,
arthel amoudr&fs sidd aqoniesupported on the photocat al yst
15 per a surface area 1 nR thereof was 1.25 ng. The
peressize distribution of the photocatalyst 15 was
measured and its results are shown in Fig.

{(Photocatalyst 14)

A photocatalyst 14 was obtained in the same manner as in the
preparation method of photocatalyst 1, except that the resulting
solid content was subjected to a calcination treatment at 900
degree centigrade for 3 hours. The sodium content of the
photocatalyst 14 was 96 ppm, the silicon content was 6.9 weight %,
and the specific surface area was 108.2 m?/g. Accordingly, the
amount of silicon supported on the photocatalyst 14 per a surface
area 1 m® thereof was 0.64 mg.

[G058]

{Photocatalyst 15)

A photocatalyst 15 was obtained in the same manner as in the
preparation method of photccatalyst 1, except that the resulting
solid content was subjected to a calcination treatment at 1,000
degiee centigrade for 3 hours. The sodium content of the

photocatalyst 15 was 92 ppm, the silicon content was €.9 weight %,
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5 3. [0059] (Photocatal yst 16) A photocatal yst 16
was obtained in the sane manner as in the

preparati on nmethod of photocatal yst 9, except that an
aqueous 10 solution of 1IN nitric acid was used in
the sane anount instead of an aqueous solution of i N
hydrochloric acid and the pH of the mxed solution C

anagéhﬁs %%%f ngﬁy éé”gfggr§g 9&?:@9@9§9at§é%§£dﬂﬁhly, the

T he 515 con content
ecific surface area
am%&%Bﬁﬂfﬁﬁﬂﬁcophgugﬁgr § ﬁtﬁFagﬁét%gggééggég%S per a surface
the pho catalyst r a s face_area t her.
argas! 43 ﬁﬁeofo%%%] :ggﬁgtoc aI?stef§5€%CE%tg¥%&%1on of the
phot ocat al 17 was obtai n the sane _manne
ph?hO?hEa 9 i%p‘”é"‘r‘%tltl%ahs%‘?cﬂ Aof HShdtEeata &t 9q'h%YSm in Fig.
except that 81.7 g of an aqueous solution of 1N
3-nitric acid was used instead of 66.9 g of an aqueous
solution of 1IN hydrochloric acid and 13.3 g of an
afléo®s solution of sodiumsilicate having a
di fferent conp05|t|on (Si02 content: 29.1 weight %

NeéPoocoprentysto. Bolwei ght % JI'S K1408 "Water 25 gl ass

No. 3") was used. The sodi um content of the .

phopleatad st ystl 71 Guas: 9500 ppmed Ha dig SeMecarRresr as in the

was 3.4 weight % and the specific surface area was
pr2garstm@hgneAeedr of nghyt oddiea binunt, Ut difFtcem agueous

supported on the photocatal yst 17 per a surface area
solutrRont heridofiwas c0atédmgas [ 0O61]in CPRotaBat ANGERE ﬂsystead of

an agueous solution of 1IN hydrochloric acid and the pH of the mixed
solution C was 3.2. The sodium content of the photocatalyst 16
was 480 ppm, the silicon content was 6.7 weight %, and the specific
surface area was 207.4 m*/g. Accordingly, the amount of silicon
supported on the photocatalyst 16 per a surface area 1 m® thereof
was 0.32 mg.

[0060]

(Photocatalyst 17}

A photocatalyst 17 was obtained in the same manner as in the
preparation method of photocatalyst 9, except that 81.7 g of an
aqueous solution of 1N nitric acid was used instead of 66.9 g of
an aqueous solution of 1N hydrochloric acid and 13.3 g of an aqueous
solution of sodium silicate having a different composition (Si0;
content: 29.1 weight %, Nay0 content: 9.5 weight %, JIS K1408 “Water
glass No. 3”) was used. The sodium content of the photocatalyst
17 was 150 ppm, the silicon content was 3.4 weight %, and the

specific surface area was 210.5 m?/g. Accordingly, the amount of
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5 A photocatal yst 18 was obtained in the sane manner
as in the preparation nethod of photocatal yst 2,
except that the calcining tenperature was 200 degree
centigrade instead of 600 deggee centigrade. The
sodi um content of the photocatal yst 18 was 56 ppm
the silicon content was 2.4 wei ght and the specific

sigyééﬁ95g$&§¢f%9c%@%héséPgtggégalfﬁgqgﬂi ¥ s P?ace area 1 m’

mount i con supported on tocatalyst 18

[ rface.area 1 n2 thereof was 0.10 ng. [0062]
th%ﬁ%%fo@% a yg?ITg) A phot ocat al yst 19 was obtained in

tﬂg g@ge manner as in the 15 preparation nethod of

p Qo talyst 17, except that 13.8 g of a potassium
si%%qgte_%giuti (Wake Pure Chem cal Industries,

LI OG> Eonteht . 28 weight % was used instead of

t he ter glass 3. e .sodj um ¢gontent and the .

ot i BBt of4oh e ot St d) JOF 79°GePEnntE as in the

uantjtativel n ed by usin n atomc 20 o
pr%@%%%%@%%@ r%%%ﬁ*ﬁ%&ﬁiéfi-% 005 ¥ ¥F Y adHia'Litde) cateining

and as a result, the sodiumcontent. was 74 p %l%n%
EeRPRTHHE AR st ¢ 0Nt ST CeS Y0 BptHe ,@@Sat%aéisaﬁp 60{; degree

was confirmed that the photocatalyst 19 contained
ceppbtasaiam FASi 1AL COgRexi ok 19 RCFAFt hatidy &8 was 56 ppm,

the silicon content of the photocatal yst 19 was
Cheueintiiacat FeebgnRs amal- el Byt (doi AGfamxspggific surface area

fluorescence spectrometry (LAB CENTER XRE-1700,
waShi fadz un'Car-p. Rcardcascayr eshft anewet s¢f ol eneewported on

was 4.9 weight while the specific surface area was
thegasurecth byl w4 7.8 BET Aethodaspeeidd ¢ surthercaf ems 0.10 ng.

measuring instrunment and as a result, it was 193.9

n2?@c2Accordi ngly, the amobunt of silicon supported

on the photocatal yst 19 per a surface area 1 nR

t heheofcataby Ot 263)g. The pore size distribution of

t he photocatal yst 19

A photocatalyst 19 was obtained in the same manner as in the

preparation method of photocatalyst 17, except tﬁat 13.8 g of a
potassium silicate solution (Wakc Pure Chemical Industries, Ltd.,
510, content: 28 weight %) was used instead of the water glass No.
3. The sodium content and the potassium content of the
photocatalyst 19 were guantitatively analyzed by using an atomic
adsorption spectrophotometer (Z-5000, Hitachi Ltd.) and as a
result, the sodium content was 74 ppm and the potassium content
was 90 ppm. As a result, it was confirmed that the photocatalyst
19 contained potassium in its silicon oxide film. Furthermore,
the silicon content of the photocatalyst 19 was gquantitatively
anaiyzed by using an X-ray fluorescence spectrometry (LAB CENTER
XRE-1700, Shimadzu Corp.) and as a result, the silicon content was

4.9 weight %, while the specific surface area was measured by a
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5 was neasured and its results are shown in Fig. 4.
[ 0063] (Photocatal yst 20) A commercial titanium
di oxi de (Ishi hara Sangyo Kai sha, Ltd., ST-01) was
dried at 200 degree centigrag for 3 hours to obtain
10 a photocatal yst 20. The sodi um content of the
phot ocat al yst 20 was 1,400 ppm and the specific
surface area was 214.3 n2/g. [006 4@ hotocatal%%
BEB e phe@dn®RR el 5t t 1A Tin o Tk 6 § and as a
Co., Ltd., P25; 15 was dried at 200 de -
regehti gi Bdeas of 93- %d&r@’to965F§ﬁﬁ“§lyph8%803W8P9§tO%lslllcon
The sodi um content of the photocatal yst 21 could _nof
suppodee@cteEheTmdopegitpily séulPaper at esal%es@rgané/r@ thereof
As a result, it was confirned that the photocatal yst
wa§ @oh$ aimed Trsodionm isn 7et @iﬁhéﬁhﬁti@m@Eoﬁh%ﬂ%ocatalyst 19
film while the photocatal yst 20 19 contai ned
waponessiuetli andt Steatesnkids sii¢ comwoxiide Hid-m?- [ 0065]
Phot ocatal ysts 22 to 26 were prepared in order to
condesm the sodiumcontent or the difference in the
performance due to existence of pores derived from
t hehstbteonlpxit de0filmin the range 25 of 20 to 500
Angstrons. (Photocatal yst 22) In accordance with
Pr epaiuat  0ha Exatphei im of i Exadwp| sshiihaRat Sn@d® Kaisha, Ltd.,
Docunent 4 (Japanese Patent Lai d-open No.
sT198Y- R6974%) ¢d STt 0100 (dshibar eeBangyoiKaiehay Hauks, to obtain
adsorptive water content: 9 weight % specific
a pubfaegraneat 300 nhg)svasuiseshesnt idanmmmmdicndadealyst 20
to obtain a photocatal yst 22. The sodi um content of

waEhﬁ,@bOtﬁﬁﬁﬁahﬁétthe specific surface area was 214.3 m°/g.

[0064]

(Photocatalyst 21)

A commercial titanium dioxide (Nippeon Aerosil Co., Ltd., P25)
was dried at 200 degree centigrade for 3 hours to obtain a
photocatalyst 21. The sodium content of the photocatalyst Z1 could
not be detected. The specific surface area was 50.2 n’/g.

As a result, it was confirmed that the photocatalyst 5 contained
sodium in its thérmal silicon oxide film, while the photocatalyst
19 contained potassium in its calcined silicon oxide film.

[0065]

Photocatalysts 22 to 26 were prepared in order to confirm the
sodium content or the difference in the performance due to
existence of pores derived from the silicon oxide film in the range
of 20 to 500 Angstroms.

(Photocatalyst 22)

In accordance with Preparation Example 1 of Examples in Patent
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5 22 was 1,200 ppm the silicon content was 5.8

wei ght % and the specific surface area was 187.3
n2/g. Accordingly, the amobunt of silicon supported
on the photocatal yst 22 per gysurface area 1 n?
thereof was 0.31 ng. The pore size distribution of

t he photocatal yst 22 was neasured and its results are

ne phot ocat .
Do SRR dnce WK P Rl o EcanaTo 1 ol Elanald Th 571

Pat.ent _Docu t. J nese, Pat ent laid- . - o
(TH5Ts379Y0 oSy (R Aaraa i L bR Ti: O weight %,
purity: 99,5% specifijc surface area;, 50.8 /. -

SOt ASTTAR Gt ox et 2 b o7 phot gclattalgls #Bxide to

23, The sodi um content of the photocatalys 3. coul
b i BSh G BT ey - Nedman e CH R ST S BErdant g Jatalyst

t he photocatal yst 23  was 2.2 weight % _and the .

22 speei 1440 & R He & é&%%&%tﬁ@?ﬁg w350 5A<%c8’?&9ﬁ§| y; and the
the amount of silicon suggortgd on the photocatal yst
spe3i Py WEEATReESar aS11 e $ Her dof WasC B2 567 iy b amount of

~pore size distribution of the photocatal yst 23 was )
1 hpasuredmnced o1 656 Potare: showh 34 Heig2 urfeperirea L

25 (Photocatal yst 24) To a glass flask were added 250
thegreds weterC ahld 103 05 hofpwt dadusods s tgalition 6f GleN
sodi um hydroxi de. 24.5 g of titanium di oxide 49 , _
ph¢STe@is 1 ¥shi hares Samegyoi ik stral ilsd . resadseér grieyehown 1n Fig.
water content: 9 weight % specific surface area:
5.300 n2/g) was dispersed therein to give a solution
A. To a beaker were added 100 g of water and 10.7 ¢
of 0@kc pqueous sol ution of sodiumsilicate (SiQ2
content: 36.1

(Photocatalyst 23)

In accordance with Preparation Example 1 of Examples in Patent
Document 4 (Japanese Patent Laid-open No. 1987-260717), P25
(Nippon Aerosil Co., Ltd., purity: 99.5%, specific surface area:
50.8 m*/g) was used as titanium dioxide to obtain a photocatalyst
23. The sodium content of the photocatalyst 23 could not be
detected. Meanwhile, the silicon content of the photocatalyst 23
was 2.2 welght %, and the specific surface area was 38.7 m?/qg.
Accordingly, the amount of silicon supported on the photocatalyst

2 thereof was 0.56 mg. The pore size

23 per a surface area 1 m
distribution of the photocatalyst 23 was measured and its results
are shown in Fig. 6.

[0C6T]

(Photocatalyst Z24)

To a glass flask were added 250 g of water and 0.05 g of an aquecus

solution of 0.1N sodium hydroxide. 24.35 g of titanium dioxide
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5 weight % Na20 content: 17.7 weight % JI'S K1408
"Water glass No. 1"), and the resulting materi al was
stirred to give a B solution. Wile the solution A
was mai ntai ned at 35 degree ggntigrade and stirred,
the B solution was added dropw se thereto at a rate
of 2 mM/mn. to obtain a m xed solution C. The pH of

?hﬁln]fg i B9 gtéggg%g &éf@héhlstélrmﬁégg%?ggf% d@@er content:

fi xed sol ution was mai nt'ai ned
cent| r.ad

9 wel %h tol’iegﬁle V\%S gffgé@% %Sal y?ﬁpt er/gﬂ %?é/rssed therein
reduced ssure. Tﬁf Qbt a ed f||te
cor B St sﬁtatlon S0 P & PRacer At il %ﬁé@ﬁ (D vgeer and
ressure repeatedly four ti
103 € GG Hhert e et & 3?? b STssng: e ?%*fent 36.1
2 days. obt ai ned. so ent S (ized b
et ng'n NRBE GPTBEaCE b St Gtk dd. P4 ek LAPE W g B1ass No.
Jreatpent at 600 degree centl rade for 3 hours to
1 bt A HREEOAT A% BE L oA ThE S ot U Co et VBf 2 theolution.
hotocatal¥st 24 was 14,000 ppm _the S|I|con cont ent
Whih& 812 591wk ght AoyaaniRihe SHetiFh 3 HIBES adg9rade and
was 126.1 nR/g. Accordingly, the anount of silicon
stEUpPOrt BdCoR EREUBROR oat ot dded Arpurier WRiedce Adr éarate of
1 n2 thereof was 0.27 ng. The pore size distribution _
2 Tolf/mtie pRGYYcBtralPyBt <2 Spas treasur ebhamd ¢ $ heesiF¢d solution
are shown in Fig. 7. 25 [0068] (Photocatalyst 25)
C I taigl assefvask was | HirlodFdedninod g ofulvgef, wap rgpintained
g of titanium50 dioxide (P-25, N ppon Aerosil Co.,
atLBa.de$mﬁ¢tq@nﬂmgfﬁ%easpécwﬁﬁccoguiﬁaceSéveatbyr@ﬁﬂfor 3 days.
met hod specific surface area neasuring instrument:
Th&0, 8t m2/mg)xamhs odivgpens 8dva heriel e tegl ginvle raa sotditdegh pressure.
A.  An aqueous sol ution of 4N sodi um hydroxi de was
Thaddeith dropviideer medium was re-dispersed in 500 ml of water and
filtered under a reduced pressure repeatedly four times for washing,
and then allowed to stand at room temperature for 2 days. The
obtained solid content was pulverized by using a mortar and then
subjected to a calcination treatment at 600 degree centigrade for
2 hours to obtain a photocatalyst 24. The sodium content ¢f the
photocatalyst 24 was 14,000 ppm, the silicon content was 3.4
welght %, and the specific surface area was 126.1 m%/g. Accordingly,
the amount of silicon suppecrted on the photocatalyst 24 per a
surface area 1 m® therecf was 0.27 mg. The pore size distribution
of the photocatalyst 24 was measured and its results are shown in
Fig. 7.
[0068]
(Photocatalyst 25)

To a glass flask was introduced 100 g of water. 10.0 g of titanium
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5 thereto so that the pH was adjusted to 10.5. Wile
the resulting solution was heated up to 75 degree
centigrade of the liquid tenperature and mai nt ai ned
at 75 degree centi grade, 0p9d of an aqueous

sol ution of sodlun1S|I|cate S|02 content: 29.1

wei ght % Na20 content: 9.5 weight % JIS K1408

d1;¥§&$[|9| St®b 3u%&¥@)1ﬁd%%d 19t&her dfkﬁg%- specific

resu ng at er Was StiTred’to ol Ut or.
suV%iﬁ';sg%g%%B%zémm%@%ze%ﬁ:%@o&p ;rffez"ceﬁtrgsadasmg |
e L
Ana'aéﬁeag%égiﬁ%—#?ﬁoﬁ Yol h@%&bﬁrﬁf&“&%ﬁa&%ﬂ'v%'ﬁ?%d%%dofdromse
m xed solution was slowy decreased to th

thﬁE?HPCS‘P edidons e B 10557 &HeP Vb 1 Rat 5 pH Wit Lt reegresulting

solution becane 5. Then,_while the C solution was

sofdt hPai e ae29ed degree Cerffgrariecitidggsle of the liquid
continuously stirred for 1 hour for maturing. Next

temher why-of et € wol s birad i fepege 2eetintieFade, 14.8 g of an
reduced pressure. The obtained filter nedium was .

agpecdp spelrsed w250dHuror iWatare ahdl Gz FeeFedtandérl aieight %,
reduced pressure repeatedly four tinmes for washing,

Naghdonftentdr? ed vatl ab20% , delgt €eé488ntiagreadel pap P@Dhél’j?swas added
The obtained solid content was pulverized by using a

thapetarrrahdhe hessibjracnetetr b2 d weal el hatediro2give a B solution.
treatment at 600 degree centigrade for 3 hours to '

WhobearheaB photocat abysthesbtedhe sodi Umdsgntsentceoft itthede and
phot ocat al yst 25 was 2,500 ppm the silicon content

manasaiBe amei gt d&grandctshei spedd f ian ShuesrS aod wrieam of 1IN
was 68.4 nR/g. Accordingly, the amount of silicon

hy8uppork tedc oititche aphad@eatdaloysti s25t ipereteo sur f ace-cap€a? ml/min.
1 nm2. thereof was 1.90 ng. [0069]

to give a C solution. With the dropwise addition of the aqueous
solution of hydrochloric acid, the pH of the mixed sclution was
slowly decreased to the acidic regions from 10.5 and the final pH
of the C soluticn became 5. Then, while the C soiution was
maintained at 90 degree centigrade, it was continuously stirred
for 1 hour for maturing. Next, the matured C solution was filtered
under a reduced pressure. The obtained filter medium was
re-dispersed in 250 ml of water and filtered under a reduced
pressure repeatedly four times for washing, and then dried at 120
degree centigrade for 3 hours. The obtained scolid content was
pulverized by using a mortar and then subjected to a calcination
treatment at 600 degree centigrade for 3 hours to obtain a
photocatalyst 25. The sodium content of the photocatalyst 25 was

2,500 ppm, the silicon content was 13.0 weight %, and the specific
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5 (Photocatal yst 26) To a gl ass flask was introduced
100 g of water. 4.2 g of titanium dioxide (ST-01,
I shi hara Sangyo Kai sha, Ltd., adsorptive water
content: 9 weight specific sgrface area by BET net hod
specific surface area neasuring instrunent: 300
n2/ g) was dispersed therein 10 to give a solution A
To a beaker were added of water and 5.6 of an_...
suBhuEBUIT DI TR F off of %o/@. um%§|C|0r8épeléfs| Eéecaﬁ?gm of silicon
29.1 weight Na20 content: 9, i ght JI S K1408
SUPW%E?dchfastélQ\I@hOt@'C)atalaﬁ& t?ﬁep%ﬁn%rﬁ&%ﬁé?ﬁaﬁ m*. thereof
was stirred to give a B solution. Then, while the
wagol uP? dAIA was mai ntai ned at 35 degree centlgrade 15
and stirred, the B solution was added dropw se
t hébeto at a rate of 2 mM/mn. At this time, an
aqueous solution of INnnitric acid was added
diblpaiseathbeyet o2®n an appropriate anount such that
the pH of the m xed solution was from6 to 8. The pH
of o tzhel abx el asolatiort maB:1cED10Aencof heatdropwl seg of titanium
addition of the B solution was 20 conpl eted. Then,
diwkide the-ol xelsisohatds ctemwaso it thad ,néd.cat, 3Blsodegrige water
centigrade, it was continuously stirred for 16 hours
cohbent red wdinght Mextpetheéiaoi xed sol utrieanbwaBET irdtdroed specific
under a reduced pressure. The obtained filter medium
suvascEentispensading 2000 nmerof : Baven’ /andwhil defpedrsed therein
under a reduced pressure repeatedly four 25 tinmes for
towashiéng, sandcihenadried atbd26: degrhee Lerid griade dffofater and
3 hours. The obtained solid content was pul veri zed
5. BYy WSl A Apmidakelandohhen ssubjuactedi¢Hca@ (Si0; content: 29.1
qcination treatnment at 600 degree 52 centigrade

wefL@ﬁt 3y howt  t@reki-ai:nsasphet geat al ysis 264 he'weadMlass No.
content of the photocatal yst 26 was 5, 900 ppm the

3751 14 cOncontent; ¢ § Smé%e@1§@'&ﬁ@ Soi rands thegspecd fH Golution.
surface area was 2 Accordi ngly, the anount

Th@ﬁ,S&ﬁif@ﬂﬁﬁ?%@Q%&%@nOﬂ &Q@Iﬂﬁﬂﬂ&&@&ﬁﬂ¥§t35 degree centigrade
and stirred, the B solution was added dropwise thereto at a rate
of 2 ml/min. At this time, an aqueous solution of 1IN nitric acid
was added dropwise thereto in an appropriate amount such that the
pH of the mixed solution was from 6 tc 8. The pH of the mixed

sclution was 7.0 when the dropwise addition of the B solution was
completed. Then, while the mixed solution was maintained at 35
degree centigrade, it was continuously stirred for 16 hours for
maturing. Next, the mixed solution was filtered under a reduced
pressure. The obtained filter medium was re-dispersed in 250 mL
of water and filtered under a reduced pressure repeatedly four

times for washing, and then dried at 120 degree centigrade for 3

hours. The obtained solid content was pulverized by using a mortar

and then subjected to a calcination treatment at 600 degree
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5 26 per a surface area 1 nR2 thereof was 0.47 ng. The
pore size distribution of the photocatal yst 26 was
neasured and its results are shown in Fig. 8. [0070]
(Photocatal yst 27) 10 Wth regberence to Exanple 1 in
Patent Docunment 5 to confirmthe difference froma
silica hydrate coating film an aqueous solution of

cob BRI RO bR BREARIE R O5ve st
t
CoBBEELSLE ST B e 100 0B L1 TR LB comon

to_40 degree centig agueous
waéoﬂatpo%egw S s ik 2 &?flfowff (o3 rep 2503 ™ /g
ht ratio = 0.1) was added at a constant
Ace% 189K nm%§m§é1n§. 85, St TWEOZEE Y %nth% ﬁ306ﬁcatalyst
was adjusted to 4.0 w th sodlun1hydrOX|de th
265BEGt RORVRARCHBF Rtai hell dthedrdedivde céﬂt@@radghﬁnﬂore size
stirred 20 for 30 mnutes. Thereafter, the slurr
dipEribredonndt wishelotosalatatobt didfedeaarESHa’n iy results
at 110 degree centigrade for 12 hours and then
arpubtteriizéd Es¥ngBa sanple mll to obtain a
phot ocat al yst 27. The sodi um content of the
photdéeat al yst 27 was 210 ppm the silicon content
was 5.1 weight % and the specific 25 surface area
waghad0cOtaRygt Ac¢cordingly, the amount of silicon
supported on the photocatal yst 27 per a surface area
1lwiht hefeofncavii® Dx86pirg. 1 PropetenesCofuntdre: dbtaigryfirm the
phot ocat al yst 27 are 53 illustrated in Table 1.
diff8e7thce<bBuvah wat i bhcofhPhattec abalkysyst ln,0a272qfidous solution
Eval uati on of Methyl ene Bl ue Phot odeconposition
ofAetitwht¥] sulfate was subjected to pyrohydrolysis to prepare

metatitanic acid slurry having a crystal particle diameter of ©
nm. 100 ml of the metatitanic acid slurry (100 g/l in terms of
Ti0.) was heated to 40 degree centigfade, and 5 ml of aqgueous
solution of sodium silicate of 200 g/l (8i0,/TiC,; weight ratio =.
0.1) was added at a constant rate over 10 minutes as Si0;. After
the addition, the pH was adjusted to 4.0 with sodium hydroxide,
the solution was maintained at 40 degree centigrade and stirred
for 30 minutes. Thereafter, the slurry was filtered and washed,
and the obtained cake was dried at 110 degree centigrade for 12
hours and then pulverized using a sample mill to obtain a
photocatalyst 27. The sodium content of the photocatalyst 27 was
210 ppm, the silicon content was 5.1 weight %, and the specific
surface area was 140.0 mZ/g. Accordingly, the amcount of silicon
supported cn the photocatalyst 27 per a surface area 1 m” thereof

was 0.36 mg. Properties of the obtained photocatalyst 27 are
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5 Photocatalysts 1 to 27 were suspended in an aqueous
nmet hyl ene Dbl ue solution. Thereafter, the resulting
solution was irradiated wth |ight and the
concentration of nmethylene bluye in the solution was
quantitatively anal yzed by sﬁgctronetry, wher eby t he
phot odeconposition activity was tested. The test
~_operation nmethod 10 in detail is as follows. [0072]
iltmpeparedi bh BI° Photocat al yst Suspension) 45 g of an
aqueous net hyl ene bl ue sol ution having a
coheéhtration of 40 x 10-6 nol/L was wei ghed and
i ntroduced into a 100-cc 15 polyethylene jar with a
f {roz 1 met Tesi ol SBligt dzatprwsticousIty drPanged
t hereinside. Then, the resulting material was stirred
byl usivegluat imag et Metstyilenbablan Pk afpasimpdsel tion Activity]
phot ocat al yst was added thereto. The resulting
b Ixd e @2 waky vi o1 lertd Y istiereedufpendedi hutas sangausemethylens
continuously stirred by adjusting the stirring
blsérengithi cuchThbataf26rt hehsaagtilad nwaso hot 16h oves amgadiated
spl ashed. [0073] (Prelimnary Adsorption Treatnent)
wiBhartgmg sheomma smmenit wherort bé meldigiomne dflue in the soluticn
phot ocat al yst was finished, stirring was conti nued
wak0gubt N AUl es1 W 4houy 225 by rash @idome it h Whecghioy the
After 60 m nutes passed, 3.0 cc of the suspension
phWaSAE0bhe6t edi b M@itvier ia s anplie: hefor ertid tadiatponation method
with light. 54 [0074] (Photodeconposition
inlgeatment) 3z5r6c1 Ot he suspension after the
prelimnary adsorption treatnent was sel ected and
i pppeglyced to a quartz standard

(Preparation of Photocatalyst Suspension}

45g(ﬂfanaqueousn@thyleﬁebluesolutionhavingawunmentration
of 40 x 107® mol/L was weighed and introduced into a 100-cc
polyethylene jar with a fluorine resin stir bar previously arranged
thereinside. Then, the resulting material was stirred by using
a magnetic stir bar and 10 mg of the photocatalyst was added thereto.
The resulting mixture was violently stirred for 5 minutes and then
continuously stirred by adjusting the stirring strength such that
the solution was not flown and splashed.

[0073]

(Preliminary Adsorption Treatment)

Starting from a moment when the addition of photocatalyst was
finished, stirring was continued for 60 minutes without
irradiation with light. After 60 minutes passed, 3.0 cc of the
suspension was collected to give a sample before irradiation with

light.
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5 spectroscopic cell (Tosoh Quartz Co., Ltd., outer
size: 12.5 x 12.5 x 45 mm optical path wdth: 10
mm optical path length: 10 mm volunme: 4.5 cc) with
a fluorine resin stir bar preyiously arranged
t herei nside and the resulting material was stirred
using a magnetic stir bar. Then, it was irradi ated
with light from 10 external /transverse direction of
th%ogﬁkctroscopic cell for 5 mnutes. Irradiation
with light was carried out by using a light source
appare® ?0@§@iﬂgfﬂ9«§RQiﬁW§ﬁ%)nc., 150 W a xenon
short-arc_ lanp) as a |ight source over_a,guartz .
f31% e?C veSsere fFUIRansiiath afftie Wat & cLiRe  Pryagrategtion
light intensity was 5.0 mWcn2_ using 15 an
tregftravt ovet satenpsed ;ﬂ%tﬂéﬁr%}@%%@@ QUsfits phrendard
test wavelength: 365 nm. After irradiation, the
spsaspensPphc gt lithéTogple QuesdcopPe - deld- masteblFigdtied? - > * 125
to give a sanple after irradiation wth |ight.
x JBOMB] oRDi¢Quaprih atidleh Andl yis Ot Methyléhe 1BPgeR: 10 mm,
An all-plastic 10-cc syringe was equi pped with a
volrembr ahed fic))t ei th (ETdyooReski r&ais v, i1 bdr pIBhSVIG I8 arranged
HP) . Sanpl e suspensions before and after
thereadsaté emdM hb ddsghitt iwer Bat espet viaved yifrmd ogdoed: magnetic
thereto for renoving the photocatal yst by extrusion
stUsi pgra prston. 125w theddidie] wiheh fliirgtt Halofn
amount of the filtrate was discarded, while the rest
exhathaanountsobribedfiddtr abe sdstiool deottacdscopdc cell for 5
sem -mcro type di spocell (nmade of polystyrene,
migptecal patduHiriom dtih 4:ignt opticalripat bukengtising a light
mm volunme: 1.5 cc) for analysis of visible light.
solkRBeB, afher absor bxnoe 1bnxa Yewel engich, 0$0 680anmn@s short-arc
nmeasured by using a UV-visible spectroneter (UV-2500,
1asph EB?ZH CopRt) sbofcsabest ahi fgathe Toncantieatdean fafl led with
nmet hyl ene

pure water. The irradiated light intensity was 5.0 mW/cm” using
an ultraviolet intensity meter, UVD-365 PD (Ushioc Inc., test
wavelength: 365 nm}. After i?radiation, the suspension in the
spectroscopic cell was collected to give a sample after irradiation
with light.

[0G75]

(Quantitative Analysis of Methylene Blue)

An all-plastic 10-cc syringe was equipped with a membrane filter
(Toyo Roshi Kaisha, Ltd., DISMIC-13 HP}. Samplie suspensions before
and after irradiation with light were respectively introduced
thereto for removing the photocatalyst by extrusicn using a piston.
At that time, the first half amount of the filtrate was discarded,
while the rest half amcunt of the filtrate was collected in a

semi-micro type dispocell (made of polystyrene, optical path
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5 bl ue. The photodeconposition activity was eval uat ed
by a ratio of the -concentration of nethyl ene bl ue
after irradiation with light to the concentration of
met hyl ene bl ue before irradi%%ion with light. The
renmoval rates of nethyl ene bl"Ue as phot odeconposition
activity 10 were shown in Table 1. Furthernore, the
‘adsorption rates of nethylene b)ue were cal cul ated
WlﬂFBﬁ1ﬁh@mcoﬁEEhF?étP%Eho%g%%T%ylLﬁémLmWﬁQT%ﬁbﬁe5 cc) for
irradiation with Iight on the basis of the .
angeiieéht ¢ ht Yo oke i ntddduc &g het hyPefRSprrnce in a wavelength
(concentration of nethylene blue before the
o FphitR oearal i snas daeded) i ngnd B <6 sih L9 fusErapRet¢h (UV-2500,
Table 1. [0076] [2. Determ nation of Existence of
Shpopdgudeprived fponeSiEnEaRindxiide FNGHBY NMeaSuEmalfthylene
of Pore Size Distribution] Nitrogen adsorption
bliset herns of photocatalysts 1 to 27 in the 20
desorption process under liquid nitrogen (77K) were
néhs uriect dye casiar) tAYTOBCRBVE s vpraot gy lofited by a ratic of the
Quantachrone Co., Ltd.). As pre-treatnment of each
cophenocatabystf matbvhedegasse ngl was 1rerdiad outwidgth light to
100 degree centigrade. Next, neasurenent results of
theacdn phot ocat @l ystmaveln el ¢md éripreebeto by ittredBaH iwet hodh 1ight.
and log 25 differential pore volume distribution
TheUF MeSvae e tebt af nedhyINext b1 exist ehceodbcpopesition activity
derived fromsilicon oxide filnms of photocatalysts 1
wet-@ 2%cwasidetrgpmened. Bpeehékeatdy, thodborption rates of
differential pore volume distribution curves of a
meRPOt @gats] YStic rdsedl as1 ar s@W rat eréalomnthtaation of methylene
phot ocat al yst prepared by using the aforenentioned
p1RBotegat-al Yst-zasaaibaseithasegeat ahysig ek coat ethe
with a silicon oxide filmwere conpared for
codeleirnikng eXi $heP6Buced methylens blue (concentration of

methylene blue before the photocatalyst was added) and also
illustrated in Table 1.

[0076]

[2. Determination of Existence of Pores derived from Silicon
Oxide Film by Measurement of Pore Size Distribution]

Nitrogen adsorption isotherms of photocatalysts 1 to 27 in the
desorption process under liquid nitrogen (77K) were measured by
using AUTOSORB (a product of Quantachrome Co., Ltd.).

As pre-treatment of each photocatalyst, vacuum degassing was
carried ocut at 100 degree centigrade. Next, measurement results
of each photocatalyst were interpreted by the BJH method and log
differential pore volume distribution curves were obtained.

Next, existence of pores derived from silicon oxide films of

photocatalysts 1 to 27 was determined. Specifically, log



5 of pores derived fromthe silicon oxide film In
the range of 20 to 500 Angstrons of the
photocatal ysts 1 to 27, existence of pores derived
fromthe silicon oxide f|In1| shown in Table 1. 57
[0077] [Table 1] Anmount of Rnount of Silicon Photo-
silicon Sodiun1Adsorpt|on Renoval supported OXIde
film Catal i ntroduced co ent Rat e Ratefs

dl%&ﬁ?%%ﬁla o¥% Y Ty #hﬁ k%ﬂﬂﬁuqﬁes a nggocatalyst
(m@/m) 1 0.24 0.33 87 40.8 45

usgl @S E g ap mAd g ity @n§4a8@h93098@11%swr%aofe . @@mg the
160 45.5. 46.7 No 5 0.29 0.22 34 8.8 69.2 No. 6 O.

af Qramen bl gnad ghot M@Falysh. 28 0. 2EPe A08§e7C84 BY o) a@d coated
0.28 0.34 50 22.5 59.4 No 9 0.24 0.93 180 43..2 57.9

wiNo & B0-10.c24 0x28e1DDlM0VF S5IogPRE 10D P oipipppexistence
44.9 51.9 No 12 0.24 0.27 93 31.7 51.0 No 13 0.24

of (pdBe98ddsi pedsiran N silicon oxide film.

In the range of 20 to 500 Angstroms of the photocatalysts 1 to
27, existence of pores derived from the silicon oxide film is shown

in Table 1.
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14 0.24 0.64 96 75.0 48.0 No 15 0.24 1.25 92 16.4
43.2 No 16 0.24 0.32 480 39.4 59.9 No 17 0;24 0.16
150 29.5 55.9 No 18 0.07 0.10 56 12.1 46.0 No 19
0.36. 0.25 74 23.6 49.2 No 20 -

0.00 1400 0.5 11.8 -

21 - 0_00 not 0.5. 45.0 detected 22 0.31 1200 57.8
31.0 No 23 - 0.56 not 17.5. 31.5 No detected 24
Oy@4770.27 14000 47.1 36.2 Yes 25 3.99-.. 1.90 2500
15.0 22.0 Yes 26 0.59 0.47 5900 56.8 38;7 Yes 27
0, P.36:- 210 3.5 2.2 No It was confirned that
pF]ot ocat a1 ysts 1 to 19 exhibited excellent 5
catal yti g gctivirties [Djfferentijal ~Thermpgravi neqric_
pANAl ySi sliikly or dér 1ol opkaivpt 0. t h@soyp@;oer ‘captent |[gfaer
c:hesSi | i 6onawexi cié“ppérﬁiﬁ‘i‘ ef.ophet ocdtzaleyst , {hes - | 7Ce fr
i f f er entsi @l bztshE‘rs §PaV| retoi ¢ arabysis (®herno A
TG8120,  Rimaku) |W&&" perfbrmed. In an air gas flow f@m
iwth a flow rateoeb 50 nj#min, thestenper.ature wag e -
zel evat ed-fr om 58 °-*foom t p¥fper at urjé-% o 600| teyr ee '=-N9' .
Scentigrad® at a|rfate of LU degred #<centigf %f’d / mn |86
ét hat theo fiei ght |I‘0Ss rat ;fﬁt t hat| {’l me was rreasur ed.
“In orderfo elimate thg lnfluen%eaof m)-_-"”re i
?absorpthp%'afteroJm i{ 3047 | 54Ls To
8 0.28 g.34 50 | 22.5 ,f 59.4 e
9 0.24 .23 180 | 432 18T HNo
10 0,24 0.25 120 48.6 | 53,8 - No
11 0. 24 G.24 | 210 4.9 5L We:
12 g.24 0.27 | 93 31.9 518 sNe
13 G.44 0.46 | o1 1 45.0 541 e
14 0. 24 0. 64 96 | 350 48.0 " - Ho
15 0.24 1.25 92 16.4 43,7 “Np
16 0.24 0.32 | 480 9.4 59.9 o
17 6.24 0.16 - 150 29,5 5. G Ng
18 0.G7 .10 55 12,1 §6.0 N
19 0.36 . |0.25 | 44 1936 RECEE Na
20 - jo.o0 {1400 e R -
21 - [ 0.00 L not 0.5 C oL b dbLp -
- ‘detested | . L b
2 : [ 0.31 1200 I I s,
23 = 8.56 nok . -
- | detedted © -
| 24 - 0.24. [ 0.27 14080
25 3,98 1.90 - 2500
25 0.5¢ |-0.47 1 ssp0;
L2 0.50 .36 fewe .o |

Tt was confirmed that photocatalysts 1 £o 19 exhibited excellent

catalytic activities.

[Differential Thermogravimetric Analysis]

In order to loock into the water content of the silicon oxide

coated photocatalyst, the differential thermogravimetric analysis

(Thermo Plus TG8120, Rigaku) was performed. 1In an air gas flow

10 with a flow rate of 50 mli/min, the temperature was elevated from
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5 each sanple was dried or calcined, the water
content was neasured after each sanple was dried or
calcined for cooling for 1 hour. Water. contents of
t he photocatal ysts 1, 5, 18 d 27 are shown in
Table 2. [Table 2] Wi ght reduction rate (S)
Photocatalyst 1 0.9 Photocatalyst 5 0.6

Phot t | hot t | 9 10
FOgB koo AR TSR GHa i ot o %Pést%’c 7 oaTie iy ¢ cearee
d d | t ed 0 | .
coPht PEGe( a%ﬁ%%??%ﬁfr STl e R d T 200 Wegr déme vas

centigrade and then stirred, 48.0 g of polynethyl
Nehethacryl ate (PMMA) resin was put thereinto and

nelted. Then, 1.70 g %396 ased on the PMVA resin

t 1% &mcem B9 &él&@)nad‘fe U5R4 Py SO LE TS %laa%ﬁptm atter

thereto and the resulting, solution was m xed. This
cagBNIET 1§ G SFEAR 0T col § HIE Sms HSuGERE Z6dn aRit t‘ff?eﬁq measured

nol ded by a heat press at 200 degree centigrade to
afoprafach prapke| vike Holed mawifigl @ sidd Of B idy ¥orgl hour.

cmx 1 mm(thickness) (nold 1). [0079] 59 Exanple 2 _
Watskngent trnphotloddtcabpotogahndvat PMMA Teditnang 27 are shown in

plate-like nold (nold 2) was obtained by the heat
Taptess.nol ding in the sanme net hod

[Table 2]
Welght reduction rate (%)
Pheotocatalyst 1 ’ 0.9
Photocatalyst 5 0.6
Photocatalyst 18 4.5
Fhotocatalyst 27 8.9

From some of the thus—-obtained photocatalysts, resin molds were
prepared and evaluated.

[0078]

EFxample 1

While a laboplastomill was maintained at 200 degree centigrade
and then stirred, 48.0 g of polymethyl methacrylate (PMMA) resin
was put thereinto and melted. Then, 1.70 g (3% based on the PMMA
resin as titanium dioxide) of the photocatalyst 1 was added thereto
and the resulting solution was mixed. This composition after
cooling was pulverized and then molded by a heat press at 200 degree
centigrade to obtain a plate-like mold having a size of 1.5 cm x
8 cm x 1 mm (thickness) {(mold 1).

[CO72]



as in Exanple 1. 5 [0080] Exanple 3 Using the

phot ocatal yst 5 and a PMVA resin, a plate-like nold
(mold 3) was obtained by the heat press nolding in
the same nethod as in Exanpl.g 1. 10 [0081] Exanple
4 Using the photocatal yst 17 and a PMVA resin, a
plate-like nold (nold 4) was obtained by the heat
press lding in the sanme nethod as in Exanple 1. 15
[%6%‘2?@5§anp|e 5 A plate-1ike nold (nold 5) was

obt ai ned by the heat press noldin in the sa .
e had EE?iRPQ%&ﬁﬁﬂ%;J%t‘éx@@gtatR§¥Aar%%P%pf%gﬁﬁgﬁ§llke mold
(PP) resin was obtained instead of the PVMMA resin. 20 hod
(mp o8] aGoRPparAlPIL EXAHIEaE AESAS BIutk ek per Higrtame metho
a plate-like mold (nold 6) was obtained by the heat
asptesEBXaBPHENY- in the sane nmethod as in Exanple 1 only
with the PMVA resin. 25 Conparative Exanple 2 Using
t heOphbt ocat al yst 20 and a PMVA resin, a plate-like
nmold (nold 7) was obtained by the heat press nol ding
i Bxeelgafre nethod 60 as in Exanple 1. Conparative
Exanpl e 3 Using the photocatal yst 21 and a PMVA
résing wheldEte-dddke it > and a PMMA resin, a plate-like mold
(mold 3) was obtained by the heat press molding in the same methed
as in Example 1.
[0081]
Example 4
Using the photocatalyst 17 and a PMMA resin, a plate-like mold
(mold 4) was cobtained by the heat press molding in the same method
as in Example 1.
[0082]
Example 5
A plate-like mold (mold 5) was obtained by the heat press molding
in the same method as in Example 1, except that a polypropylene
(PP) regin was obtained instead of the PMMA resin.
[0083]
Comparative Example 1
As a blank experiment, a plate-like mold (mold 6) was obtained
by the heat press molding in the same method as in Example 1 only
with the PMMA resin.
Comparative Example 2

Using the photocatalyst 20 and a PMMA resin, a plate-like mold

(mold 7) was obtained by the heat press molding in the same method
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(mold 8) was obtained by the heat press nolding in
the sane nethod 5 as in Exanple 1. Conparative
Exanpl e 4 Using the photocatal yst 24 and a PMVA
resin, a plate-like nold (n%bd 9) was obtai ned by
the heat press nolding in the same nethod as in
Exanple 1. 10 Conparative Exanple 5 A plate-Ilike nold

(rmold 10 obt ai ned by the heat press nolding in
a5t hd g%ﬂ%%%%?ﬁod as in Conparative Exanple 1, except

that a PP resin séysed i nstead of the PMMA resin.

CorPaf 51 7 vE° EXSie© 6° 15 A plate-like nold (mold 11)

was obt ai ned by the _heat _pres nmol ding in the sgme .
et hod e ipﬁwé&ﬁ:ﬁ&raém%}:e%%?é@e P%M%%gébf“ {hat LA P ke mold
resin was used instead of the PMVA resin. [0084

(mp EG ot LatisoRP6R L PREt B ecp6sitt PoR° AT VA l?ot;r‘ﬁesame method

molds 1 to 9 were put in an aqueous nethyl ene bl ue
assphubEkemPland- the resulting solution was irradiated
with light, and the concentration of nethylene bl ue
i fompersol vt i orenmbe quantitatively anal yzed by
spectronetry, whereby the phot odeconposition activity
wasinestled phithedeest]l vepe 4t hoh adtidd reAidet ainlde glsike mold
follows. 25 (Preparation of Sanple) 3 g of an
(magdedusvarebhyhenedbbyeisolhgeitonr hagimmglding in the same method
concentration of 40 x 10-6 nol/L was wei ghed and
asi ntir DPdacetlet ©.a Petri di sh having 61 an interna
di anmeter of 4 cm previously arranged thereinside.
Thenpar&hevaoldsnweeseScut in a size of 1.5 cmin
width and 1.5 cmin length, and placed in a Petri
dishlate-like mold (mold 10) was obtained by the heat press
molding in the same method as in Comparative Example 1, except that
a PP resin was used instead of the PMMA resin.
Comparative Example 6
A plate-like mold (mold 11) was obtained by the heat press
molding in the same method as in Comparative Example 2, except that
a PP resin was used instead of the PMMA resin.
[0084]
[Evaluation of Photodecomposition Activityl
The molds 1 to 9 were put in an agueous methylene blue solution
and the resulting solution was irradiated with light, and the
concentration of methylene blue in the solution was gquantitatively
analyzed by spectrometry, whereby the photodeccmposition activity
was tested. The test operation method in detzil is as follows.
(Preparation of Sample)

3 g of an aqueous methylene blue solution having a concentration

of 40 x 107® mol/L was weighed and introduced to a Petri dish having
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(Prelimnary Adsorption Treatnent) 5 Starting froma
nonment when the addition of nold was finished, the
nold was allowed to stand for 60 m nutes w thout
irradiation wth light. Aft 60 m nutes passed, the
solution was collected to give a sanple before
irradiation with light. (Photodeconposition

Treatment) .10 The limnary adsorption t tent .
21\ S BATBRESF It RS R RiTe - Shendt T or Al g va angide: Then,
then irradiation with |ight s carri.ed out by usin
£ TH] Hsk MEFGHEU | SEnRy A5 Rki L GO L o gyl s aCt 117 length,
light source. The irradiated light intensity was 1.0
anf\Peapedsingahettl t¢ 5% ol et intensity neter, UVD 365
PD (Ushio Inc., test 15 wavel ength: 365 nm. After
i fPael b ont Wi Ak B ik TGRS 24 hours, the

solution in a glass vessel was collected to give a |
sahpr elnaffren ia paarati Waew the 1ddghclcpQaantetatase finished,
Anal ysis of Methylene Blue) Wth regard to sanples o
thpehote wne aftered roaditandoAon PR Pightes wigthdd 1rradiation
absorbance in a wavel ength of 680 nm was neasured by
witsi hgglat . UAMist Hle mdpatesomesepdi k25001 uiShiatizu collected
Corp.) for calculating the concentration of
tongt iyl eneabplie. bdherphot ordconpositidgn aictlitvi ty was
shown in Table 3 as the renoval rate of nethylene
bl pect somrthecsoncent Tadd tomerof) nmet hyl ene 25 bl ue
after irradiation with |light, based on the
CONE etaatni iate 16f ad et hyl eme rlauendnef Wi e damrddidagionn the same
with light. [Table 3] 62 Photocatal yst Deconposition
opkakeibfas MY eladdltheh irradiation with light was carried out
by using a black light {Sankyo Denki Co., Ltd., 27W) as a light
source. The irradiated light intensity was 1.0 mW/cm? using an
ultraviolet intensity meter, UVD-365 PD (Ushio Inc., test
wavelength: 365 nm). After irradiation with a black light for 24
hours, the solution in a glass vessel was collected to give a sample
after irradiation with light.

(Quantitative Analysis of Methylene Blue)

With regard to samples before and after irradiation with light,
the absorbance in a wavelength of 680 nm was measured by using a
UV-visible spectrometer (UV-2500, Shimadzu Corp.) for calculating
the concentration of methylene blue.

The photodecomposition activity was shown in Table 3 as the
removal rate of methylene blue from the concentration of methylene
blue after irradiation with light, based on the concentration of

methylene blue before irradiation with light.

[Table 3]
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Mld 2 2 16.7 MIld 35 20.3 Mld 4 17 16.0 Ml d 6
NAO MId7 20 3.9 MIld 8 21 10.0 Mld 9 24 8.5

[ Weat her

Resi stance Accel erated Deterioration Test]

Usi ng a sunshine weather netege (light source:

sunshi ne car bon

arc lanmp (25 mWcnR),

i rradi ati on

tenperature: 63 degree 5 centigrade) , nolds 1 to 9

were irradiatedwth tight—for 500 h os Tt L oht
| oss rates of thgEReFez"Gatided by da%ﬁ?ﬁ%?g%?gﬁmg?g@
| - 4+ L H I =4 4 11 . P | . L
MgTd T o ate is obtdined by the fol-ow hyformita—t6
Maﬁgizht loss—rate ;%A = ¥ﬂﬁld wet-ght ngﬁre -
MOIS, Jdi ati on-wi th-|Cight rel-cwei ght L&t t er
Mq16 i at i-on—wi-th |15 ght ) ——mold—woi- o bet-or
Mqldy B4i ati on with [IYght x 100 10085]. °[ Table 4} Resin
MProf ocat al yst Veilgit | oss. rate (9 “Nbld 1 PMVA 1
Moldo8\vpld 2  PMVA 44E 6 Mold.3 PMMA 514-% Mol d 4 Pmva
Mol .5 Mold 6 PMMA NA 0.3 Mold 7iBPMvA 20 2.1

[Weather Resistance Accelerated Deterioration Test]

Using a sunshine weather meter (light scurce: sunshine carbon

arc lamp (25 mW/cm®), irradiation temperature: 63 degree
D

centigrade), melds 1 to 9 were irradiated with light for 500 hours.

The weight loss rates of the molds caused by deterioration at this

time are shown in Table 4.

Herein, the weight loss rate is obtained by the following

formula.

Weight loss rate (%) =

- mold weight after irradiation with light)

irradiation with light x 100

(mold weight before irradiatiocon with light

[o08s]
[Table 4]
Resin Photocatalyst Welght loss
rate (%)

Mold 1 PMMA 1 1.2
Mold 2 PMMA 2 1.6
Mcld 3 PMMA 5 1.6
Meold 4 PMMA 17 1.5
Mcld 6 PMMA N/A 0.3
Mold 7 PMMPA 20 2.1
Mold 8 PMMA 21 3.0
Mold S PMMA 24 2.5
Mold 5 PP 1 4.3
Mocld 10 PP N/A 1.0
Mold 11 pp 20 5.4

In the above Examples, molds were prepared for the

/ mold weight before



Mold 8 PMVA 21 3.0 Mld 9 PWA 24 2.5 Mld 5 PP 1
4.3 Mld 10 PP NA 1.0 Mld 11 PP 20 5.4 15 In the
above Exanpl es, nolds were prepared for the 63

phot ocatal ysts 1, 2, 5 and 1 and eval uat ed.

However, it was confirmed that the weight |oss rates
for the photocatalysts 3, 4, 6 to 16, 18 and 19 were

| L1, 1 h b 64 Al . ,
P aPaEAL kT bt L Cont o7 MY bHoaHIS St eREa colfsHedtRg: 1t 2
renb | 5| i tance; and 5
CORRBEBEAL I3 s (M EoHFRhbdL PR CHE Srofér - ouRler 677 Sah¥pts 3¢ 4,

hot ocat al yst conprisiﬁg: a base havin

6 Bhiod boal @l ¥ cL ACtPUR (3L ANt AL i1 i o T6xiFE T 1 m
covering the base, wherein the filmis substantially
pore-free, and 10 wherein the photocatal yst has a
al kali netal content of not less than 1 ppm but not
nore than 1,000 ppm 2. The photocatal yst-contai ni ng
organic material according to claiml1, wherein said
silicon oxide filmis a calcined silicon oxide 15
film 3. The photocatal yst-containing organic
mat eri al according to claim?2, wherein said silicon
oxide filmis a calcined filmobtained by calcining
a silicon oxide at a tenperature of not |ess than 200
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20 degree centigrade but not nore than 1,200 degree
centigrade. 4. The photocatal yst-containing organic
material according to any one of clainms 1 to 3,
wherein said alkali netal corggent is not |ess than
10 ppm but not nore than 1,000 ppm 25 5. The
phot ocat al yst -contai ni ng organi c material according
cihemany one of clainms 1 to 4, wherein said silicon
oxi de filmdoes not have 65 pores in the measurenent
of pore size distribution in the range of 20 to 500
Angstrons according to the nitrogen adsorption
B T e
r sai s.an y u xi de or
uﬁeﬁ%%ryég FQ?%P R nea?eof 7.
The pot.acat alyst; gont alni ng %ganre%&%ra,te“ al
ack0{ |ng o any one of "¢ al o mhereén ?ﬁld
a ot assium 8. e
Bhot 5cat 39S PERROSF b r g fgfaﬁ%% %51l accor ding
to a one of cl ai 7, erein said base is a
paft PEFE. DT8189 %taﬁ%%ﬁgmyg?%h% organi
mat eri al according_to an one of clainms 1 to
whér &t HERa Sﬁﬁﬁﬁt Eotmse V%Bhnguﬁlb%r}i’%%eroﬂ“h%%ﬁld” the film is
Ehotocatal per a surface area of 1 n2 is not |ess
su ﬁéﬁnélféIYn@OBErfﬁ%? n®F@ than 2.0 ngy. 20 10. The
hot tal yst t t | di
DD TS oS or i by, G SaF L4 Coh Sgsrt 54 mot Loss
on said hot ocat al yst per a surface area of 1 n2 is
b
thiapt 1 888 PHANNOL1BOHY Tha® kot OhoPRMt han 1.25 ny. 25
11. The photocatal yst-contai ning organic materia
according to claim 10, wherein said base has a

speci fic surface area of not |ess
2. The photocatalyst-containing organic material according to

claim 1, wherein said silicon oxide film is a calcined silicon oxide

film.

3. The photccatalyst-containing organic material according to
claim 2, wherein said silicon oxide film is a calcined f£film cbtained
by calcining a silicon oxide at a temperature of not less than 200

degree centigrade but not more than 1,200 degree centigrade.

4, The photocatalyst-containing crganic material according to any
one of claims 1 tc 3, wherein said alkali metal content is not less

than 10 ppm but not more than 1,000 ppm.

5. The photocatalyst-containing organic material according to any

one of claims 1 to 4, wherein said silicon oxide film does not have
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than 120 nR2/g but not nore than to 400 nR/g. 66 12.
The phot ocat al yst-contai ni ng organic nateri al
according to any one of clains 1 to 11, wherein said
phot ocat al yst has a sul fur ntent of 0.5 weight %
or | ess based on the total weight of the 5
photocatal yst. 13. The photocatal yst-contai ni ng

or gani c terial accordipg to any _one .of. clal

PO§5> Whef ?nm?ﬁ%uﬁng?f ﬁgt%?rls M ohta hed T % §§ 31t%£ tange
silico xide film 10 14, .

Tt Goa TS SR AP AB BP Ga MRt oS R EaP B Rpon Tethod
to claim13, wherein the anmobunt of the al kali netal
contained in said silicon oxide filmis not |ess
than 1 ppm but. not nore than 200 P m based on the
tghmpw@qﬁta@kﬁﬁq&%w@apygﬁﬂ g@ﬁ%@fﬁ%ﬂea“ordmg to any
phot ocat al yst - cont ai ni ng organi c_ material accordi

ongpocinglaghe bftelai Eeria: f@ldwﬁéﬁélhss%?@t%?%aﬁﬁQ? titanium
substance conprises at |east one selected fromthe

oxgrguprconsi st RYPOT EhbRYSFBf PRifRsi B 2 PB¥/utet Hdife et -
resin, polyester resin, polyacrylic resin, 20
polynethacrylic resin, polyan de resin, vinyI
conmpound (co)pol yner, formaldehyde resin, allyl

7.r B5Enphelpoyat 465 i COrgenpiTic orgsnhe 11 e Ebnk acesitAing to any

cel lul ose and heni cel | ul ose. . .
one of claimg 1 to 6, wherein said alkali metal is sodium and/or

potassium.

8. The photocatalyst-containing organic material according to any

one of claims 1-to 7, wherein said base is a particle.

9. The photocatalyst—containing organic material according to any
one of claims 1 to 8, wherein the amount of silicon supported on
said photocatalyst per a surface area of 1 m” is not less than 0.10

mg but not more than 2.0 mg.

10. The photocatalyst-containing organic material according to
claim 9, wherein the amount of silicon supported on said
photocatalyst per a surface area of 1 m? is not less than 0.16 mg

but not more than 1.25 mg.

11. The photocatalyst-containing organic material according to
claim 10, wherein said base has a specific surface area of not less

than 120 m?/g but not more than to 400 m"/g.
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12. The photocatalyst—-containing organic material according to
any one of ¢laims 1 to 11, wherein said photocatalyst has a sulfur
content of 0.5 weight % or less based on the total weight of tThe

photocatalyst.

13. The photocatalyst—-containing organic material according to any
one of claims 1 to 12, wherein the alkali metal is contained in

said silicon oxide film.

14. The photeocatalyst-containing organic material according to
claim 13, wherein the amount of the alkali metal contained in said
silicon oxide film is not less than 1 ppm but not mere than 200

ppm based on the total weight of the photocatalyst.

15. The photoéatalyst—containing organic material according to any
one of claims 1 to 14, wherein said organic substance comprises
at least one selected from the group consisting of polyolefin resin,
polyurethane resin, polyester resin, polyacrylic resin,
polymethacrylic resin, polyamide resin, vinyl compound
(co)polymer, formaldehyde resin, allyl resin, epoxy resin,

phenolic resin, silicone resin, cellulose and hemicellulose.



